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MINIATURE 


Designed as a general- 
purpose instrument, the 
Metrovick miniature 
oscilloscope is _ parti- 
cularly useful for radar 
servicing. Its light 
weight and compact 
construction result in 
a portable and robust 
instrument designed to 
withstand rough use, so 
that it has now become 
standard equipment for 
the fighting services. 


SUPPLY: 


CATHODE 
RAY TUBE: 


TIME BASE: 


ATE 
ATTENUATOR: 











OSCILLOSCOPE 





SPECIFICATION 


With A.C. Power Pack (CT52)—100/125 vs., 
200/250v. 50/60 c/s; 180v., 500 c/s. With 
D.C. Power Pack (CT84)—28 volts D.C. 
Power consumption 50 VA approx. 


Hard tube—2} in. diameter screen. Standard 
tube fitted has Green screen with medium 
afterglow. Alternative tubes can be fitted. 


Free-running linear time base, paraphase 
amplifier and synchronising. Repetition range 
10 c/s. to 40 kc/s. Single-sweep linear time 
base with paraphase amplifier, triggered by 
30-volt pulse. Repetition range—50 c/s to 
3,000 c/s. Sweep range-50 milliseconds to 
3 microseconds. 


Resistance attenuator, capacitance compen- 
sated. Flat response—3db from D.C. to ICO 
ke/s. Fixed attenuation of 14 db (5 times). 


Write for leaflet 652 


14-1 for 
details. 
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Y PLATE 
CONNECTION: 


Y PLATE 
AMPLIFIER: 


CALIBRATION: 


DELAY LINE: 


RATING: 


METROPOLITAN -VICKERS 


ELECTRICAL ©O LTO TRAFFORD PARK 


MANCHESTER 7 


Member of the A.E.1. group of companies 


tronic 


ineering 


ENGINEE 
LiBRAB NG 


Type 
CT84 


Weight: 
Approx. 15 


Size: 
8” 53” 
approx. 


Finish: 
Dark Battleship grey 


Direct or series capacitor connection. Input 
resistance—2.5 megohms Input capacitance— 
50 pf approx. 


|. Max. gain of 38 db. (80 times) flat to 3 db. 
from 25 c/s. to 150 kc/s. 2. Max. gain of 28 db. 
(25 times) flat to 3 db. from 25 c/s to | me/s. 


An internal supply of 50-volt peak 10%, 
sine wave, at the supply or vibrator frequency. 


A delay network brought to the Y plate 
switch, and the displayed signal is delayed by 
approximztely 0.5 microseconds, having its 
source impedance of 75 ohms. 


Continuous operation at ambient tempera- 
tures between—32 C. and + 50C. 











Still prehistoric? 





Or getting an up-to-date line on Epikote Resins? 


Go-ahead manufacturers are now using Shell’s radically 
superior Epikote Resins for potting techniques. 

The excellent adhesion of Epikote Resins provides a good 
hermetic seal, which ensures outstanding resistance to 
humidity. Low shrinkage, toughness and good all-round 
electrical properties make them particularly suitable for 
potting and casting, with a performance far beyond that 
obtained from conventional materials. 

Whether you recognise the passage of time, are ahead of 
it, or merely ignore it, you should ask for full technical 





information on Epikote Resins. 


SHELL CHEMICAL COMPANY LIMITED 105/109 Strand, London, W.C.2. Tel: TEMple Bar 4455 


E.El.1 = “EPIKOTE "’ is o Registered Trade Mark 
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Ratcliffe Springs never lose their temper ! 





SEPTEMBER 1956 79 


Electronic 
Engineering 


Managing Editor: H. G. Foster, M.Sc., M.I.E.E. 


_No. 343 


SEPTEMBER 1956 


Vol. 29 








CONTENTS 


367 Commentary 


368 TRIDAC—A Research Flight Simulator (Part |!) 
By J. J. Gait and J. C. NUTTER 


373 The Lead Sulphide Photo-Conductive Cell 
By M. SMOLLETT and J. A. JENKINS 
376 Waveguide Components with Non-Reciprocal Properties 
(Part 2) 





By J. Brown and P. J. B. CLARRICOATS 


380 Design of Computer Circuits for Reliability 
By W. RENWICK 


384 Ultrasonic Gauging in Shipyards 


385 A Fast-Acting Phase Conscious Indicator 
By D. L. Davies 


387 Opening Ceremony by Television Link 
388 A Circuit for Analogue Formation of xy/Z 


By M. J. SOMERVILLE 


389 A New Van de Graaff Installation 
390 Wide-Range Voltage Stabilizers 


By F. A. BENSON and L. J. BENTAL 


395 A Method of Tuning Resonant Cavities 
By W. M. Haywoop. 


397 Communications via Meteors 


398 The Analysis of Three-Terminal Null Networks 
By T. H. O’Dett 


400 ERNIE (Electronic Random Number Indicator Equipment) 


401 Characteristics for Half-Wave Rectifier Circuits 
By H. A. ENGE 


S.H.F. Radio System for Switzerland 
Radio-Telephone Terminal Equipment 
Short News Items ¥ 
Letters to the Editor 

410 Book Reviews 

412 Electronic Equipment 

414 Notes from North America 


eee 





Published Monthly on the last Friday of the preceding month at 
28 ESSEX STREET, STRAND, LONDON, W.C.2. 
Phone : CENtral 6565 Grams : ‘ LECTRONING, ESTRAND, LONDON * 
Subscription Post Free 12 months 36s. or $5 (U.S. or Canada) 
Classified Advertisements, Page | 
INDEX TO ADVERTISERS, PAGE Ii55 


ELECTRONIC ENGINEERING 








RADAR DISPLAY 
TUBES WITH 


Easier setting-up Adjustment of electrostatic focus 
for absolute minimum of aberration can be made quickly 
and without special skill. 


Simpler E.H.T. The focus voltage swing required is 
only +200V about cathode—e.h.t. units need no longer be 
loaded with the current wasting potential dividers associated 
with earlier electrostatic focus tubes. 


Lower cost No focus magnet or coil is required. 
Ordinary carbon track potentiometer across normal low- 
voltage supply is all that is needed to achieve fine focus. 


Space saved Focus at ordinary h.t. potential means 
that e.h.t. generators can be smaller, and bulky high 
voltage potential dividers eliminated. 


9 IN. RADAR 





I21IN. RAD UBE 





ABRIDGED DATA FOR BOTH 


TUBES 























ae Shai Typical Operating Conditions 

Deflection: Magnetic Vaa+e Vas ye 94 te 

Heater : 6.3V, 300mA (kV) (V) — ry 
Phosphor: long persistence 12 300 30 to 70 | +200 








Write to the address below for full details of these 
and other cathode ray tubes in the Mullard range. 


Mullard 


MULLARD LTD., COMMUNICATIONS & INDUSTRIAL VALVE DEPT., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 
MVT 187 
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Commentary 


¢é ADIO RESEARCH 1955” is the title of the 
report published by the Radio Research Board 
covering their activities over the past year. 

It is a title which may conjure up visions of extensive 
and well equipped laboratories devoted to research 
and development of what we label “radio”. 

If “Propagation 1955” were substituted it would 
convey a more accurate meaning to the work of that 
very important branch of the Department of Scientific 
and Industrial Research. 

The Radio Research Board can, of course, be fairly 
described as the main centre of propagation research 
in this country and it has co-operated closely with the 
two international organizations mainly concerned with 
propagation namely the International Scientific Radio 
Union (U.R.S.I.) and the International Radio Consulta- 
tive Committee (C.C.I.R.). The former body concerns 
itself with the physics of radio while the latter deals 
with the technical problems involved in the most 
efficient use of the radio frequency spectrum throughout 
the world for communications, including sound and 
television broadcasting and navigation including radar. 

The value therefore of the Radio Research Board’s 
work—concerned as it is with what happens in the 
intervening space between the transmitting and receiving 
aerials—can hardly be overestimated. 

The Radio Research Board is interested in the whole 
of the radio frequency spectrum. At one end of the 
scale the Board has started to investigate the possi- 
bilities of very low frequencies, about 15kc/s, for the 
operation of long distance navigational aids. As yet 
not much is known about propagation at these very 
low frequencies and it is anticipated that the investiga- 
tions will have to be on a large scale with the 
co-operation of many organizations at home and 
abroad. One of the immediate difficulties the Board has 
encountered is the dearth of high power transmitters 
in this very low frequency band. 
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At the other end of the scale, because of the very 
high frequencies involved, the Board have found it 
necessary to introduce the little known symbol the 
gigacycle (Gc/s) in their studies of the propagation of 
surface waves on wires and plane sheets. 

Another important side of the Board’s work is on 
the behaviour of the ionosphere and the forecasting 
of radio transmission conditions and for this work 
observation laboratories are maintained not only at the 
Slough Headquarters but as far afield as Singapore and 
Port Stanley, Falkland Islands. 

In the past few years considerable attention has been 
given to the possibilities of long distance transmission 
in the very high frequency range by means of scattering 
in the ionosphere and it is to be expected that the 
Board would take more than a passing interest in this 
new development in radio communications. 

A considerable amount of practical information has 
been amassed and is now being analysed as a result 
of experiments carried out in co-operation with the 
Post Office and Admiralty on transmissions from the 
Shetland Islands. 

Taking the analysis in conjunction with experience 
gained in the United States, it would appear that many 
of the earlier predictions were over optimistic, for it 
now seems that the frequency band from about 25 to 
60Mc/s offers a means of regular communication for 
telegraphy only for distances up to about 1 300 miles. 
Telephony on a 24 hours/day basis now seems 
impracticable except by uneconomical “brute force” 
transmitters and the earlier forecast of a transatlantic 
television link using the scatter technique has been 
shown to be fundamentally unsound. 

Much of this work may appear dull and lacking in 
glamour but without the Radio Research Board and 
similar organizations, world communications by the 
radio link would quickly come to a standstill. Let no 
one doubt the value of their efforts. 
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TRIDAC 


A Research Flight Simulator 


By J. J. Gait*, M.A., B.Sc., A.M.LE.E., A.Inst.P., and J. C. Nutterf, M.A. 


(Part 1) 


The capabilities required cf analogue computing machines are indicated, leading to a description 

of the large tri-dimensional machine at the Royal Aircraft Establishment, Farnborough. The basic 

computing elements and unique features of this equipment are discussed, followed by a detailed 

analysis and comparison of the three approaches to the axis transformation problem, with reference 
to the requirements of TRIDAC. 


The three monitoring systems used are described and a speculation is made on the capabilities of 
future computers. 


N the past twenty years advances both in electronic 

techniques and components have been marked and elec- 
tronic devices have been developed to meet a vast variety 
of needs. Important among these are computing machines 
of various types. Many of the present-day problems facing 
scientists and engineers are such that progress is materially 
speeded up, and in many cases is rendered practical, by the 
use of large complicated computing machines. 

Of the various types of electronic computing aids which 
have been evolved that which has received the most 
publicity is the digital machine. Such machines, using coded 
streams of pulses to represent numbers and instructions, 
can, by speeding up the processes of numerical mathe- 
matics, solve complicated numerical problems with a com- 
bined accuracy: and speed which outstrips the human 
calculator. Certain problems, however, call for a different 
type of machine—the analogue computer. Such machines 
are based on the use of physical quantities, such as length, 
angle or voltage, which in the computer vary: continuously 
in proportion to the variables of the problem. The simplest 
and most familiar example of this type of computer is the 
slide rule in which lengths proportional to the logarithms 
of numbers are manipulated. Using modern electronic tech- 
niques, analogue computers capable of solving a variety of 
complicated problems with great speed are now possible. 
The two types of machines, the digital and the analogue, 
have fields of application in which each is the most appro- 
priate type. The analogue machine is, at present, however, 
the only type capable of use as a “simulator” of certain 
problems. Thus in the fields of servomechanisms, auto- 
controls for aircraft and guided missiles, etc., it is important 
that there be computing machines capable of reproducing 
the dynamics of the system under study. It is also desir- 
able that these machines operate on a real or 1:1 time scale, 
so that the machine reproduces events on the same time 
scale as would the real system, as this enables actual parts 
of the real or proposed system to be incorporated into the 
framework of the computing machine. This latter facility 
is required for two reasons: 

(1) The exact mathematical description of the part in 
question may not be known, as in the case, for example, 
if the part is a complicated non-linear device or perhaps 
a human operator such as the pilot of an aircraft. 

(2) When incorporated in the computing machine the part 
in question may: be tested under conditions more 
realistic than in any other form of test short of a full- 








* Royal Aircraft Establishment 
+ Elliott Bros. (London) Lid. 


ELECTRONIC ENGINEERING 368 


scale trial. Machines of this general type are referred 
to as simulators, although all such machines do not 
necessarily work on a real time scale. In effect, simu- 
lators provide working models of the real system under 
investigation. In many applications, for example those 
associated with the dynamics of high speed flight, the 
digital machines cannot at present operate fast enough 
to give real time scale solutions and the problem of 
incorporating parts of the real system into such 
machines is most difficult. On the other hand, elec- 
tronic analogue machines are ideally suited to such 
applications, being capable of the necessary speed of 
operation and such that the inclusion of parts of the 
real system within the framework of the computer is 
relatively straightforward. 


The basic electronic analogue computing techniques suit- 
able for simulators are now well known?” and a variety 
of such machines have been constructed. These machines 
range in size from a small rack of equipment up to 
TRIDAC (TRI-Dimensional Analogue Computer)’, the 
largest and most ambitious machine of this type as yet 
built in this country. TRIDAC, which is located at the 
Royal Aircraft Establishment at Farnborough, was jointly 
designed by the Royal Aircraft Establishment and Elliott 
Brothers (London) Limited, for the purpose of simulating 
the flight, control and guidance of guided missiles and air- 
craft in a three-dimensional volume of space. The machine, 
which occupies some 6 000ft? of floor area, is partly elec- 
tronic (8 000 valves) and partly mechanical (e.g. nine high 
performance hydraulic servomechanisms). The building 
housing the machine and its power generating plant 
(600kV A) is shown in Fig. 1. 

Before considering some of the more interesting features 
of TRIDAC, a brief statement of the need for simulators 
in general and TRIDAC in particular is appropriate. 

Theoretical and numerical work, directed towards study- 
ing the dynamics of systems to determine performance, 
stability, etc., is subject to a number of serious shortcom- 
ings. The classical methods of solving integro-differential 
equations are in general suited only to problems of analysis; 
that is the performance, stability, etc., can be determined 
for a given system, but should these be unacceptable then 
the method of analysis usually gives no guide as to how the 
system should be altered to yield a desired performance 
and stability. In a large number of present-day design 
tasks the problem is to construct systems which will meet 
specific performance and stability criteria; that is the prob- 
lems are essentially ones of synthesis rather than analysis. 
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The operational calculus, based on the Laplace transform, 
provides a powerful method for the synthesis, from simple 
elements, of complicated systems which will meet desired 
criteria. Operational methods are now in general use for 
work on servomechanisms etc., but they are applic- 
able in a direct form only to linear systems—in particular 
to systems capable of representation by linear integro- 
differential equations with constant coefficients. If the 
system is not of this type then, in general, analysis of selected 
systems and trial and error methods rather than direct 
synthesis must be employed in the search for the system 
arrangement which meets the desired criteria. Simulators 
provide the means whereby we may by-pass some of the 
limitations of purely theoretical or numerical work. They 
can be used to extend operational synthesis into the non- 
linear domain and to provide large numbers of solutions 
if a trial and error exploration is necessary or if statistical 
properties are required. As discussed earlier a real time 
scale simulator can include parts of the real system which 
are difficult or impossible to represent mathematically. 
Finally, but by no means least, simulators, by virtue of 
their “working model” properties, give to the user a 
physical appreciation of what might otherwise be only a 
complicated mathematical formulation of his problem. In 
the field of guided weapons, the mathematics of the 
dynamics of flight of a missile, with six degrees of freedom 
and under automatic guidance and control, as it is directed 
towards a manoeuvring target are most involved. The co- 
efficients in the equations are continuously changing 
because of their dependency on such functions as altitude, 
speed, mass, etc. The equations are non-linear because the 
kinematics of the relative motion of target and missile 
involve trigonometric functions. Discontinuities also occur 
due to physical limits on the motion of moving parts, to 
backlash, striction and so on. The cost and uncertainties 


of full-scale flight trials are so high that experimental trial 
and error methods cannot be considered and an elaborate 
simulator such as TRIDAC is the most practical method 
for detailed design studies prior to flight trials. 


A General Description of TRIDAC 


As a Starting point it is to be noted that facilities are 
provided for the simulation of: 


(1) A point-mass target which may be manoeuvred at will 
in a volume of space. 


(2) The aerodynamic forces X, Y, Z along, and the aero- 
dynamic moments L, M, N about, the missile principal 
axes. Each of these forces and moments can be con- 
sidered to be of the form: 


Y = (@Y/du).u+(dY/dv).v+ (@Y/aw).w+(eY/p). p+ete. 
ee ae cet ae (1) 


where u, v, w are the velocities along, and p, q, r are 
angular velocities about, the missile axes. The aero- 
dynamic derivatives 2Y/@u etc. can be non-linear in 
the sense that they can be continuously: varying as func- 
tions of incidence or sideslip, Mach number, alti- 
tude, etc. 


(3) The equations of motion of the missile as derived from 
the forces along, and the moments about, the missile 
principal axes. These equations are of the form: 


u’ = (X/m) + (T/m) + gx + rv — qw 
v’ = (Y/m) + gy + pw — ru 

w’ = (Z/m) + g: + qu — pv 

p’ = (L/A) — ((C — B)/A)] - rq 

q = (M/B) — ((A — C)/B) . pr 

r’ = (N/C) — ((B — A)/C] . gp 


Fig. 1. Cut-away of building housing TRIDAC and its power generating plant 
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motions of missile and target 
are compared in the “relative 
motion computer”. Some 
aspects of this relative motion 
are measured by: the missile 
guidance system and used as 
instructions which pass via the 
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Fig. 2. Basic simulator layout 


where gx... are the gravitational acceleration com- 
ponents along the missile principal axes and T is the 
thrust along the missile X-axis. In the simulation of 
these equations the mass m, the moments of inertia 
A, B, C and the thrust T can be varied as functions of 
time. 


(4) The control and guidance systems. These parts of 
TRIDAC are really flexible computers which may be 
set up to represent a wide variety of systems, including 
beam-riding and homing. 

A major problem in the simulation of flight is thai of 
axis transformation. The aerodynamic forces and moments 
are known only with reference to the missile axes, which 
are translated and rotated with the missile, while gravity 
forces, and in certain cases the target data, are known only 
with reference to axes fixed in the earth. To evaluate the 
motion of the guided missile, that is, to interrelate suit- 
ably the four major items outlined above, facilities must 
exist for making transformations of data between mis- 
sile and earth axes. This is discussed in detail later, but 
for the present it may be noted that the process of axis 
transformation is essentially that of obtaining and then 
using the direction-cosines (/:, 7m, m1), (le, me, me), (Is, ms, m3) 
of the fixed earth axes x, ye, Ze relative to the moving mis- 
sile axes x, y, z. The way in which the direction-cosines 
change during flight, may be derived from a knowledge of 
the initial conditions for the flight together with the com- 
puted rates of turn p, g, r of the missile about its axes 
= s 

The framework for the simulation of the flight of a 
guided missile is as shown in Fig. 2. 

In the “ aerodynamic computer ”; knowing the three con- 


fe 


trol surface angles (aileron ¢, elevator », rudder (), the 
component velocities u, v, w and p, qg, r, and with informa- 
tion on mass, moments of inertia, centre of gravity position, 
aerodynamic derivatives, altitude, gravity components etc.; 
the forces X¥, Y, Z and moments L, M, N acting on the 
missile may be computed and the force and moment equa- 
tions solved to give the linear (u’, v’, w’) and angular 
(p’, g’, r’) accelerations as outputs. These accelerations are 
then integrated and fed back to satisfy the original assump- 
tion that the component velocities were available. 

In the “ axis transformation computer ” the way in which 
the missile is turning about its own axes (given by p, q, r) 
is used to define the direction cosines linking the moving 
missile axes and a set of axes fixed in the earth. The 
linear motion of the missile relative to its own axes (u, v,.w) 
may then be resolved into linear motion relative to the 
earth (um, Vu, Wu). 

The “target motion generator” defines the flight path 
of a target aircraft in the earth axes (u:, v:, wt) and the 
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designed is that of simulating 

in the above way, in consider- 
able detail, and in real time an attack on an aircraft target 
by a guided missile, it can be used for a variety of problems 
relating to the flight of missiles or aircraft. Within each 
of the main computing blocks of the machine, such as those 
shown in Fig. 2, a high degree of flexibility prevails, though 
the inter-connexions between such blocks are to a large 
extent fixed by the overall type of problem for which the 
machine was designed and consequently are more or less 
permanently fixed features of the machine. Outputs, that 
is records of the analogue voltage variations, may be taken 
from the machine in a variety of ways, ranging from con- 
ventional records against time of the variables to pictorial 
displays on cathode-ray oscilloscopes. In certain problems, 
plan and elevation plots of the target and missile trajectories 
are of interest. 


The Basic Computing Elements 

In detail the computing reduces to combinations of simple 
operations such as addition, subtraction, integration and 
differentiation with respect to time, multiplication, division, 
resolution by sine and cosine etc., and basic designs for 
electronic analogue units which will perform such opera- 
tions are well known'”. 

In TRIDAC the bulk of the computing elements are 
based on the use of high-gain, directly-coupled and drift- 
stabilized amplifiers having negligible input grid current. 
Such an amplifier when connected with input and feedback 
impedances so as to have an external gain which is low 
compared to its internal gain provides an output voltage 


Fig. 3. Brick unit 
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Fig. 4. Control room 


which maintains the feedback current equal and opposite 
to the total input current. With various combinations of 
amplifiers and impedances it is therefore possible, due 
regard being paid to polarity, to carry out the operations 
of addition, subtraction, integration and differentiation of 
voltages with respect to time, and multiplication by con- 
stants. Certain non-linear relationships, such as y = Kx", 
can also be obtained using diode-resistor combinations in 
association with such amplifiers‘. The identity 4xy = 
(x + y)? — (x — y) is used by electronic units which yield 
products of two variables rapidly and accurately. The aim 
throughout has been to keep the errors in any one com- 
puting unit below 0-1 per cent of the full-scale output of 
that unit. The entire electronic equipment of the machine is 
housed in some 2000 small plug-in “brick units” like the one 
shown in Fig. 3. Part of the control room, which contains 
about two-thirds of the electronic equipment is shown in 
Fig. 4 and the control desk itself is shown in Fig. 5. 

The electronic units of greatest general interest are the 
computing amplifiers, of which some 600 are available, and 
some details of these will now be given. 

The accuracy requirement demands that the amplifier 
shall have a high gain over the frequency band from zero 
to several hundred cycles per second, besides very good 
zero stability to avoid integra- 
tion errors and the necessity 
of constant manual resetting. 
To achieve this, a_ special 


and input circuits. These resistors are wire-wound and 
sealed in capsules to ensure both accuracy and stability. 
The allowed error in resistance is 0-1 per cent. 

The circuit of the d.c. amplifier is shown in Fig. 6. It 
comprises three stages of amplification and a cathode- 
follower output stage giving an overall internal gain of 
60 000 and a very low output impedance. The input stage 
is a cathode-coupled pair, the first valve of which is chosen 
to keep the grid current below 10-"A. The drift-correcting 
voltage from the a.c. amplifier is applied to the grid of the 
second valve. By using either one or three valves in the 
cathode-follower output stage, maximum output currents 
of 4 or 12mA are available. The utilized output range of 
the amplifier is +30V. 

Fig. 7 is a block schematic of an amplifier with its drift- 
corrector unit, in which the amplifier is shown with zero 
input signal and with the drift potential appearing as an 
injected potential Va. The drift-corrector unit has a gain 
of £8 and the d.c. amplifier a gain «. With the corrector 
amplifier disconnected the drift error voltage, V., appear- 
ing at the output is: 


—_ (Zi + Za) 


2+Z 
~ Zi + ZAL + 2)- a 


* Va when a is large. 





Fig. 5. Control desk 


Fig. 6. D.C. amplifier circuit 
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amplifier is used consisting of 
a d.c. amplifier and a drift- 
correcting a.c. amplifier. The 
feedback drift error voltage 
at the input of the d.c. ampli- 
fier is modulated, amplified, 
rectified, smoothed and fed 
back to the d.c. amplifier to 
reduce the error. The drift of 
the d.c. amplifier, which has 
a good frequency response, is 
thus corrected by the a.c. 
amplifier, which has a low 
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When the amplifier gain is large the drift is therefore not 
reduced by a further increase of gain. 

With the drift-corrector unit connected the drift error, 
Vo, is: 


1 21+ 22 
= —{ Z:/Z3; + —s=—] ._ V 
” 1+ (22 22 ) : 


In practice the decrease in drift achieved by the intro- 
duction of the (1 + 2) term more than offsets the increase 
in drift caused by the introduction of the input impedance, 
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Fig. 7. Amplifier and drift corrector 
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Fig. 8. Relay drift corrector 


Z;, of the corrector unit. A limit to the drift correction 
obtainable is, however, set by the drift errors introduced 
by the modulation and demodulation system. 

The error voltage at the input to the d.c. amplifier may 
be converted to alternating current either by: a relay 
chopper unit or a magnetic modulator unit. The latter 
gives poorer drift correction but requires less maintenance 
since it has no moving parts. The relay chopper unit is 
used at points where the drift must be kept as small as 
possible, e.g. in integrators and in reproducing exact geo- 
metrical relationships, whereas the magnetic modulator unit 
is used at less critical points, e.g. in reproducing aero- 
dynamic relationships. 

A diagram of the relay chopper a.c. amplifier is shown in 
Fig. 8. The relay vibrates at 400c/s, and modulates and 
demodulates the input and output respectively. The ampli- 
fier comprises two stages of amplification and a cathode- 
follower, and gives a low-frequency gain of about 1 000. 
The drift error at the output of the d.c. amplifier is held 
with this corrector to less than I1mV when the overall gain 
is unity. 

The magnetic-modulator type of corrector is shown in 
Fig. 9. 

The magnetic modulator is essentially a double iron-cored 
a.c.-excited unit of conventional design. The a.c. coils are 
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wound one on each core, while the control winding covers 
both cores. The direct-voltage input is applied to the 
control winding, thus causing current at even harmonics 
of the excitation frequency to flow in that coil, the 
algebraic sum of the positive and negative even-harmonics 
being approximately proportional to the applied direct 
voltage. The output of the modulator appears across the 
resistor r. These even harmonics are then amplified in a 
valve amplifier and detected in a phase-sensitive peak recti- 
fier so that the output is a direct voltage proportional to 
the input, and as such it may be applied to the d.c. amplifier 
as a drift-correcting signal. This unit maintains the drift 
error at the output of the d.c. amplifier within 2mV when 
the overall gain is unity. 
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to d.c. amplifier 
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Fig. 9. Magnetic modulator drift corrector 


Unique Features of TRIDAC 
The features which made TRIDAC unique among simu- 
lators are the following: 


(1) Its problem capacity and accuracy. The machine has 
of the order of ten times the capacity and is about ten 
times the physical size of any other analogue machine 
in this country and great care has been taken to achieve 
accurate computation throughout. 


(2) Facilities are provided whereby many of the para- 
metric variations, such as varying mass, and non- 
linearities, such as the variation of aerodynamic 
properties with missile altitude, of real systems can be 
reproduced. 


(3) TRIDAC alone of simulators in this country can 
perform accurately and rapidly the calculations appro- 
priate to resolutions between two sets of three axes in 
relative motion. 


(4) The large size of the machine has necessitated the use 
of elaborate monitoring and fault-finding systems not 
necessary to the functioning of smaller machines. 


The problems of varying parameters, axis transformation 
and monitoring as they apply to TRIDAC will be con- 
sidered in Part 2. 
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The Lead Sulphide 
Photo-Conductive Cell 


By M. Smollett*, Ph.D.and J. A. Jenkins*, M.A. 


A theoretical and practical description of the lead 
sulphide photocell is given together with a number 
of possible applications. 


INCE the nineteenth century it has been known that 
S riade materials have the power of changing their 
resistance on exposure to light. Such materials are known 
as photo-conductors. Lead sulphide possesses this property 
and when suitably prepared it will respond to light radiation 
in the wavelength region 0-34 to 3-Su. 

It is not until recently that lead sulphide has been 
developed as an infra-red detector and much of the initial 
work was done in Germany during the last war for military 
applications. However, research has now produced a 
highly efficient detector of the near infra-red for industrial 
purposes. A typical lead sulphide photocell is shown in 
Fig. 1. 





A typical lead sulphide photocell 


Fig. 1. 


The Theory of Photo-Conductive Cells 


A lead sulphide photocell consists essentially of a thin 
layer of lead sulphide about 1» thick, deposited on a glass 
substrate. The resistance of such layers is about 2M or 
more. 

The properties of a photo-conductive layer may be 
described with reasonable accuracy by the simple energy 
band theory of semi-conducters. According to this the 
electrons in a crystal are packed into discrete bands of 
energy separated by gaps which are entirely empty of 
electron levels in the pure material, but which may contain 
energy levels due to foreign atoms or defects if the crystal 
is imperfect. 

The top-most filled band is called the valence band 
because the electrons in it provide the valence bending of 
the crystal; the next band after this is the conduction band 
which in semi-conductors generally contains few electrons, 
but these electrons are free to move and conduct charge. 
The energy required to bridge the gap between these two 
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bands is called the activation energy of the solid (see Fig. 2). 

When a quantum of light with an energy greater than 
the activation energy falls on a solid and is absorbed, the 
most likely process to occur is the raising of an electron 
from the valence to the conduction band, leaving behind an 
electron vacancy or “hole” in the valence band. The electron 
conducts charge as in metals and it may be shown that 
the hole conducts charge as if it were a positive electron. 
The result of the absorption of light is therefore to create 
new charge carriers which augment the conductivity. The 
new carriers will not exist indefinitely in the valence and 
conduction bands; they will have a certain probability of 
recombining. When the illumination is removed. the 
increased conductivity will begin to decay. The time taken 
for the increase in conductivity to fall to 1/e of its equili- 
brium value is called the time-constant of the photo- 
conductor and is denoted by r. 

This picture of photo-conductivity is the simplest one 
that has been advanced and it sometimes called “single 
crystal” or “numbers” theory of photo-conductivity. Other 
ideas have been suggested to account for photo-conductivity 
in thin evaporated layers? such as a lowering of potential 
barriers between micro-crystals due to the space charge of 
trapped electrons and holes which have been produced 
by the light. It appears, however, that the simple theory 
is sufficient to account for the observed photo-conductive 
phenomena. 
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Fig. 2. Photon-induced tr 


The “numbers” theory of photo-conductivity may be 
shown to lead to the following approximate result for the 
change in resistance of a layer when it is irradiated 

Be = — LES Nett oc cscs caves (1) 


R. is the cell resistance; AR. is the change in resistance 
caused by light; N. is the number of hole-electron pairs 


generated in the layer per second; » is the mobility of a 
charge carrier; 7 is the time-constant; e is the electronic 
charge. 


The above equation will provide an understanding of 
many of the phenomena observed in lead sulphide cells. 


Operating Characteristics of Lead Sulphide Cells 
SIGNAL 

The lead sulphide cell is often used in a circuit similar 
to that shown in Fig. 3. A steady voltage of up to 250V 
is applied across the cell and a 1M‘) lIcad. The incident 
illumination is interrupted at a frequency of a few hundred 
cycles per second by a rotating, holed disk. The alternating 
voltage produced across the load is fed into an amplifier. 
The interruption of the light is a convenient way of 
separating the signal current from the standing current in 
the cell and load. 

Small changes AV in the voltage across the load caused 
by a change AR, in the resistance of the cell can be readily 
calculated by differentiating Ohm’s law for the circuit giving 


V Ri AR. 
AV= - ene ba we ee ee teense 2 
(R. + Rry ( 
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where V is the voltage across the cell and load and Rx is 
the load impedance. On substituting for AR. from equation 
(1) 
2 V. Ro Noe per 
AV = nie! (3) 
This equation governs the behaviour of the cell in the 
circuit shown in Fig. 3. 
The sensitivity of a lead sulphide cell is normally tested 
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Fig. 3. Lead sulphide cell with chopped radiation source and a.c. amplifier 
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Fig. 4. Signal conversion factor with respect to 200°C 


under two standard conditions: a black body test and a 
tungsten lamp test. In the black-body test the cell receives 
radiation from a 3-Omm diameter aperture in a 200°C black 
body situated 20cm from the cell. This system delivers 
4-9uW of radiation power to the cell area. Under these 
conditions and at room temperature, about a millivolt of 
signal is produced across a 1 MQ) load. The signal increases 
rapidly for black body sources at higher temperatures. For 
a 500°C black body the signal is increased a hundredfold 
over that at 200°C. A curve giving the signal conversion 
factor for various temperatures of the black body is shown 
in Fig. 4. 

In the tungsten lamp test, 0-05 lumens from a lamp at 
the colour temperature of 2 700°K fall on the cell with 
250V applied across the cell with no load in the circuit. 
The signal under these conditions is 3mA/1m change in the 
light intensity. In this test the light is not interrupted and 
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the current is measured by a milliammeter placed in the 
circuit. The signal obtained from a cell varies with the 
wavelength of the light used. A spectral response curve 
illustrating this is shown in Fig. 5. The cell is only useful 
for wavelengths between 0-34 and 3-5. 

Lead sulphide cells have a response which is linear with 
increasing illumination and voltage, as long as too high 
a level of voltage or intensity is not reached. This linearity 
is to be expected from equation (3). Too great an intensity 
of light will heat the cell. and affect its time-constant. A 
similar result is found for high voltages which also lead 
to a diminution in the signal. 

The variation of the signal from a cell when the tempera- 
ture is altered is shown in Fig. 6. The reason for the 
maximum at lower temperatures can be seen from equation 
(3). When the cell layer is cooled its resistance increases in 
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Fig. 5. Spectral response curve 


common with all semi-conductors. Consequently R1i/R.—> 
0 and the denominator diminishes to a limiting value of 1. 
This makes the signal increase. In the numerator the only 
variables are « and 7. Experiments show that in general 
after an initial increase the product uz decreases as the 
temperature is lowered. This will cause the signal to fall. 
As a result of these two variations one gets the typical curve 
shown in Fig. 6. 

The frequency of interruption has an effect on the signal 
given by a cell. This is because if the period of interruption 
is of the same order as the time-constant of the cell, the 
signal will not be able to build up to its maximum value. 
The relation of signal to interruption frequency may be 
shown theoretically to be given by 


B 
DY eee 4) 
Joos | re PP ( 
where AV; is the signal at a ime f; 7 is the time- 
constant and B is a constant for a particular cell. A typical 
curve of signal against frequency is shown in Fig. 7. 


NOISE 

In common with other semi-conducting materials lead 
sulphide layers produce a noise voltage when a current is 
passed, which is in excess of Johnson noise. This noise 
voltage, unlike Johnson noise, is frequency dependent. The 
mean square noise voltage per unit bandwidth Vx’ of a 
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cell may be represented by the following formula 
Vx" = Ai' Ro™ f® 
where A is a constant, i is the current flowing through the 


cell, R is the cell resistance and f the frequency at which 
the noise is observed. Experiment shows that the indices 


i, m, n have the average values 2, 2 and —1 respectively, 
giving for the noise voltage 
Ce) a rr re (5) 


These indices may vary widely from cell to cell. 
When the voltage across the cell and 1M load is 200V 
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Fig. 6. Variation of noise, signal and signal-to-noise ratio with temperature 
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and the root mean square noise voltage is measured at 
800c/s in a bandwidth of 50c/s this noise voltage is found 
to amount to about S5yuV. 

For applications such as spectroscopy in which a good 
signal-to-noise voltage ratio is required it is evident from 
equations (4) and (5) that one cannot necessarily maximize 
the signal-to-noise ratio by reducing the frequency 
indefinitely, as the noise voltage increases faster than the 
signal voltage as the frequency is reduced. Equation (5) 
also shows that compromises must be made concerning the 
optimum applied voltage for a maximum signal-to-noise 
ratio, because the noise is voltage dependent. Curves show- 
ing signal, noise and signal-to-noise variation with applied 
voltage are shown in Fig. 8. 

A useful measure of the performance of a cell with 
respect to noise is the minimum detectable power. This 
is the radiation power (of given spectral frequency dis- 
tribution) which when falling on the cell will give a signal 
voltage equal to the noise voltage appearing across the 
cell. This power corresponds to the detection limit of the 
cell; a lower incident power would be lost in the noise 
voltage. For Mullard photocells this power is 3-0 x 10-°W 
(from a 200°C black body source). Some idea of this high 
sensitivity may be judged from the fact that, without any 
optical system, the cell will detect radiation from an 
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ordinary soldering iron (temperature approximately 350°C) 
placed at a distance of 100 yards away. 

When a cell is cooled the noise increases to a maximum. 
This can be seen from Fig. 6 where noise, signal-to-noise 
and signal are plotted against the temperature. 


Applications of the Lead Sulphide Cell 


The lead sulphide cell described here with its high 
sensitivity and fast response time has a great number of 
uses in industry and research. In radiation pyrometry very 
small temperature variations can be detected in tempera- 
ture sources which are as low as 100°C and which may 
be some 100 yards away. The cell can therefore be used 
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Fig. 8. Variation of signal, noise and signal-to-noise ratio with 
applied voltage 


in measuring and monitoring temperature and temperature 
changes without actual contact with the work. One use 
in this field is the measurement of temperatures resulting 
from severe braking in moving vehicles and for detecting 
hot axle bearings. Gas, oil-fired and pulverized fuel 
furnaces may be monitored and the cell used to follow 
temperature fluctuations rather than the luminosity of the 
flame. 

Any industrial control and protective system where 
visible light must be excluded may be conveniently worked 
with infra-red radiation and cells. Other important appli- 
cations of the lead sulphide cell include intruder alarms, 
infra-red telephony and industrial or astronomical spectro- 
scopy. The absorption of infra-red radiation by various 
gases opens possibilities for rapid gas analysis and 
humidity measurements. 

These examples indicate the usefulness of the lead 
sulphide cell and show some of the profitable applications 
to which it may be turned in industry and research. 
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Waveguide Components with Non-Reciprocal 
Properties 


(Part 2) 


The Behaviour of Ferrites in Waveguides 


By J. Brown*, Ph.D., A.M.LE.E., and P. J. B. Clarricoatst, B.Sc.(Eng), A.C.G.I. 


The phenomenon of ferromagnetic resonance and the 
Faraday effect in an infinite medium have been described 
in Part 1; this article describes the behaviour of ferrites in 
waveguides and the operation of various waveguide com- 
ponents employing ferrites. 


Circular Waveguides with Axial Ferrite Rods 

As the theory given in Part 1 refers to propagation in 
an infinite ferrite medium a first step in designing wave- 
guide components using ferrites is to examine the extent 
to which this theory applies in the waveguide case. It has 
been previously explained that when a plane electro- 
magnetic wave is transmitted through a longitudinally 
magnetized ferrite medium, the plane of polarization of the 
wave is rotated. This is the Faraday rotation effect which 
arises from the different velocities of propagation of 
circularly. polarized waves of opposite rotational senses. In 
a circular waveguide containing a longitudinally magnetized 
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Fig. 6. Waveguide arrangement for the study of the Faraday rotation effect 


ferrite rod (as shown in Fig. 6) the Faraday rotation effect 
is again observed, for although the propagating wave is no 
longer a plane wave it is nevertheless linearly polarized 
near the centre of the waveguide and may be decomposed 
into circularly polarized waves of opposite rotational senses 
which have different phase velocities. Owing to the high 
value of the dielectric constant which most ferrites possess 
at microwave frequencies, a small quantity of material 
introduced into a waveguide considerably perturbs the 
normal field pattern and propagation constant, even in the 
absence of applied field. One of the assumptions made in 
deriving the expression for Faraday rotation (see equation 
(23)) is that the r.f. magnetic field is transverse to the static 
magnetic field which is applied along the direction of propa- 
gation. In Fig. 7 the field pattern of the dominant (Hu) 
mode of circular waveguide is shown: near the guide centre 
the magnetic field is nearly transverse. If a rod of ferrite 
is placed coaxially in the waveguide and the diameter of 
the rod is sufficiently small compared with the waveguide 
diameter, then the ferrite does not perturb the field pattern 
appreciably, and it is reasonable to expect the Faraday 
rotation formula: 


6’ = \ (e/ Uo) (yMo! 5 ER Renee (24) 
to hold at least qualitatively. 
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Experimental evidence as well as more detailed theory 
show that the above statement is approximately correct 
provided that the ratio rod diameter/waveguide diameter 
is less than about 0-1. As the ratio rod diameter / waveguide 
diameter increases more energy passes through the rod and 
less through the surrounding air in the guide. This causes 
an increase in Faraday rotation together with an increase 
in transmission loss (assuming that the ferrite has some 
loss). In general the most desirable property of a Fara- 
day rotation element for use in waveguide components of 
the types described in a later section, is that there should 
be considerable Faraday rotation with negligible transmis- 
sion loss. Thus the parameter which is usually important 
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Fig. 7. Transverse field pattern of the H,. mode in circular waveguide 


in describing the performance of a particular Faraday rota- 
tion component is the ratio rotation/loss. This parameter 
is normally independent of rod length but dependent quite 
critically on rod diameter. Experiment shows that the ratio 
rotation/loss reaches a maximum when the ratio rod 
diameter /waveguide diameter is eaual to about 0-2 (for 
ferrites whose dielectric constant is about 10). One inter- 
pretation of this result is that above the maximum diameter 
the longitudinal component of the r.f. magnetic field in the 
ferrite increases more than the transverse component, 
causing the loss to increase without appreciably increasing 
the Faraday rotation. 


An additional complication, which may arise in the wave- 
guide case, is the excitation of higher order propagating 
modes. It is usual practice to choose the diameter of an 
air-filled waveguide so that only one mode (the dominant 
mode) can propagate. With the introduction of a ferrite 
into the guide, the effective diameter of the guide is 
increased and if there is sufficient ferrite, one or more 
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higher order modes (in addition to the dominant mode) 
may propagate. If this happens the amplitude and rotation 
of the wave transmitted through the ferrite have a very 
irregular dependence on length, diameter and field strength. 

Irregularities similar to those caused by the presence of 
higher order modes may occur due to multiple reflections 
of the dominant mode within the ferrite, unless special care 
is taken to avoid an impedance mismatch between the 
section of waveguide containing the ferrite and the empty 
waveguide. This matching problem may be solved in a 
number of ways, such as tapering the ferrite rod or using a 
quarter-wave matching transformer. 

The theory which Polder‘ evolved to account for wave 
propagation in an infinite ferrite medium strictly applied 
to one which is magnetically saturated. In practice most of 
the change in Faraday rotation occurs before the ferrite is 
saturated and in fact the rotation devends on apolied field 
in a similar way to the magnetization. Various authors 
have examined the case of propagation in an unsaturated 
ferrite and they show that the relation between B and H 
is still governed by a tensor permeability, in which the 
components of the tensor are now different from those 
quoted in Part 1 for the saturated ferrite. 

The main differences between propagation in an infinite 
ferrite medium and propagation in a waveguide containing 
ferrite can be summarized as follows: 


(a) The finite size of the ferrite causes the propagation 
constant to depend on the shape, size (particularly 
diameter) and the position of the ferrite in the waveguide. 

(b) Complicated effects due to the propagation of 
higher order modes and multiple reflections may occur, 
respectively, if the ferrite cross-section is not smail com- 
pared with that of the waveguide, and if the waveguide 
containing the ferrite is not matched to an air-filled wave- 
guide. 

(c) If the ferrite is operated in an unsaturated state 
the components of the tensor permeability relating B and 
H are not the same as those for the saturated ferrite. 


Ferrites in Rectangular Waveguides 

Consider the plan view of the magnetic field configura- 
tion of the dominant Hi mode of rectangular waveguide 
shown in Fig. 8. It can be seen that the transverse field 
is a maximum at the waveguide centre and is 
zero at the waveguide walls; conversely the longitu- 
dinal field is a maximum at the walls and zero 
at the centre. Along the planes cutting the figure in the 
lines AA and BB the longitudinal and transverse fields 
are equal in amplitude and 90° out of phase. Thus if the 
wave which propagates along the z-axis is viewed in the 
x-direction, it is circularly polarized at all points in the 
planes AA and BB. The senses of rotation are opposite 
for these two planes. If the static magnetic field is applied 
along the x-direction then a thin sheet of ferrite placed 
parallel with the plane AA presents a permeability (u—k) 
to a wave propagating in the positive z-direction. Con- 
versely in the plane BB the magnetic field configuration 
is rotating in an opposite direction and a ferrite strip placed 
there would present a permeability (+k) to a wave propa- 
gating in the pesitive z-direction. The permeabilities 
presented by the ferrite strips for a wave propagating in 
the opposite direction are the reverse of those quoted 
above since, viewed in the direction of the applied magnetic 
field, the r.f. vectcrs are now rotating in opposite directions. 
This forms the basis of many of the non-reciprocal com- 
ponents which employ transversely magnetized ferrites. It is 
important to note that the non-reciprocity in the transverse 
field case arises from the asymmetrical positioning of the 
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ferrite, whereas the non-reciprocal properties of the longi- 
tudinally magnetized ferrite arise through the reversal of 
the direction of propagation with respect to the magnetic 
field and hence do not require any geometrical asymmetry 
in the waveguide. 

A few remarks are again necessary regarding the validity 
of the above arguments in the practical case. Although 
the differences between the infinite medium and waveguide 
cases, previously summarized refer to the longitudinally 
magnetized ferrite in circular waveguide, they are for the 
most part applicable to transversely magnetized ferrite in 
either rectangular or circular waveguide. In practice the 
magnetic vectors are only circularly polarized on a plane 
which is nearly halfway between the centre and wall of 
the waveguide, in the absence of the ferrite. With a ferrite 
slab of quite small thickness (e.g. about 1/10" of the guide 
width), the fields in the ferrite are drastically modified 
and the polarization is generally elliptical. This causes the 
plane for maximum non-reciprocity to move nearer the 
walls as the slab thickness increases. 


The Gyrator 

Now that the behaviour of ferrites in waveguides has 
been briefly examined, various applications can be dis- 
cussed. There are three principal waveguide components 
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Fig. 8. Magnetic field configuration for the H,, mode in a rectangular 


waveguide at a plane which is normal to the direction of the applied 
static magnetic field 


employing ferrites: the gyrator, the isolator, and the circu- 
lator. Each can be made to work either with a longitudinally 
magnetized ferrite in circular waveguide or a transversely 
magnetized ferrite in rectangular waveguide. In order to 
contrast the differences between the two methods, where 
they exist, the components are described in turn treating 
longitudinal field methods first. 


The gyrator is defined as a component which causes a 
phase shift of 180° for one direction of propagation 
through it and zero phase shift for the reverse direction 
of propagation. In designing a gyrator it is sufficient to 
ensure that the phase shifts for propagation in the two 
directions differ by 180°: an extra length of empty guide 
can then be used to make the total phase shifts even and 
odd multiples of 180° for the two directions respectively, 
this being equivalent to the defined gyrator property. The 
first microwave gyrator to be developed employed the 
longitudinal field Faraday effect. In Fig. 9 a schematic 
view of such a circular waveguide gyrator is shown. The 
input wave is a linearly polarized dominant Hn mode in 
circular waveguide, the ferrite length and magnetization 
being arranged to cause 90° rotation of the plane of polari- 
zation of the forward travelling wave. A backward travelling 
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wave, having the same phase at some plane on the output 
side of the ferrite as the forward travelling wave, is 
rotated by 90° in the same direction as before, when pass- 
ing the ferrite, and thus arrives at the input with the same 
plane of polarization but differing by 180° in phase with 
respect to the forward travelling wave. The attenuating 
cards A; and A, absorb any energy which reaches the input 
or output with the wrong polarization. 

A gyrator in circular waveguide is infrequently required 
but with suitable transitions from rectangular to circular 
waveguide the component may be used in a rectangular 
waveguide system. In this form the overall length of an 
X-band gyrator would be about 6in. 


A more compact gyrator in rectangular waveguide can 
be made using the property, associated with an asymmetri- 
cally placed transverse magnetized slab of ferrite, that the 
phase constants are different for the two directions of 
propagation. A device of this type is shown in Fig. 10. 
In this case the length and magnetization of the ferrite 
are chosen so as to cause a differential phase shift of 180° 
between a forward travelling wave and a backward travel- 
ling wave. 

It is not possible at the present time to make a theoretical 
comparison between the performance of the circular wave- 
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Fig. 9. Circular waveguide gyrator 


guide and the rectangular waveguide type of gyrator but 
in practice their performance at X-band appears com- 
parable. The first gyrators were made in circular wave- 
guide since ferrite rods were more easily obtainable than 
ferrite plates. Now that suitable ferrite plates are 
becoming available the rectangular waveguide type gyrator 
will usually be preferred in a system which uses rectangular 
waveguide since waveguide transitions will not be 
required in this case. 


Isolators 


An isolator is defined as a component which allows a 
wave travelling in one direction to pass with little or no 
attenuation but strongly attenuates a wave travelling in 
the opposite direction. The most obvious application for 
an isolator is as a pad between an oscillator and a load, 
which is not well matched to the waveguide. The forward 
wave travels from the oscillator to the load with little 
attenuation but the reflected wave from the load is attenu- 
ated before it arrives back at the oscillator, with a conse- 
quent reduction in any pulling effects. The wave reflected 
from the load can only be absorbed by the isolator: it 
cannot be reflected from the isolator, as may be proved by 
invoking the Second Law of Thermodynamics. 

The circular waveguide version of the isolator is similar 
to the gyrator in Fig. 9, except that the planes of polariza- 
tion of the input and output linearly polarized Hi modes 
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now differ by only 45°. If rectangular to circular tran- 
sitions are used, they also must be oriented to have 
corresponding directions differing by 45°. The input Hy 
mode in the circular waveguide has its electric field normal 
to the attenuating vane, Ai; the length and magnetization 
of the ferrite rod are selected to cause a rotation of 45° 
anti-clockwise in the plane of polarization of the forward 
wave, which thus reaches the attenuating vane, A», with 
the electric field normal to the vane, and is not attenuated 
by it. A wave in the opposite direction passes the vane, 
As, with its electric field normal to the vane and the 45° 
anti-clockwise rotation brings the electric field parallel to 
the plane of vane, Ai, in which the wave is therefore 
absorbed. The attenuating vane A: is necessary only when 
the circular waveguide isolator is used in conjunction with 
transitions into rectangular waveguide when the isolation 
may be reduced by multiple reflection effects (if this 
attenuating vane were omitted). Typical performance 
figures for an X-band isolator of this form are:— 


Forward attenuation 0-5dB 
Backward attenuation 30dB 
Overall length 6in 


In this type of isolator the backward wave power is 
absorbed in the attenuating vane and not in the ferrite in 
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Fig. 10. Arrangement for rectangular waveguide attenuator or phase 
shifter employing a transversely magnetized ferrite slab 


contrast to the absorption type isolator to be described 
next. In an isolator operating at high power levels it would 
be possible to use a sign-post junction at the input and in 
this way the backward wave power can be absorbed in a 
suitably cooled high power matched load. Such an 
arrangement will be mentioned again when the circulator 
is described. 


An isolator in rectangular waveguide employs the non- 
reciprocal transverse field absorption effect associated with 
an asymmetrically placed slab of ferrite. The arrangement 
is very similar to that of the transverse field gyrator shown 
in Fig. 10, only: the position of the slab for optimum back- 
ward to forward loss will not be in general the same as 
that for optimum gyrator performance. The principle of 
operation depends on the ferromagnetic resonance absorp- 
tion of the wave which propagates in the direction for 
which the magnetic field is circularly polarized in a positive 
sense when viewed in the direction of the static magnetic 
field, applied transversely to the ferrite. At X-band the 
field strength for resonance is about 2°5 x 10°AT/m (3 000 
oersteds) which can be quite conveniently produced by a 
permanent magnet. Typical performance figures for an 
isolator of this form are: 


Forward isolation 0-5dB 
Backward isolation 30dB 
Overall length 2 to 3in 


SEPTEMBER 1956 





ran- 
ave 
Hy 
mal 
lion 
45° 
ard 
vith 
ited 
ine, 
45° 


ore 
en 
‘ith 
ion 
his 
1ce 


ew = 








The saving in length compared with the Faraday effect 
isolator, is off-set at high power levels by the requirement 
for forced cooling of the ferrite which in this arrangement 
absorbs all the power from the backward wave. 
Circulators 

A third type of non-reciprocal component is called a 
circulator and can best be explained by the simplest 
example, a circuit with three pairs of terminals as in Fig. 
11. This circuit is a three-arm circulator if it has the follow- 
ing properties : 

(1) A signal input to arm 1 is completely transmitted 

to arm 2, there being no output from 3. 

(2) A signal input to arm 2 is completely transmitted 

to arm 3. 

(3) A signal input to arm 3 is completely transmitted 

to arm 1. 

A possible circuit to give these properties is shown in 
Fig. 11, the sections AB and BC each being waveguides of 


ARM 2 


ARM 3 





Fig. 11. Schematic diagram of three arm circulator using a gyrator 


length equal to a quarter of the guide wavelength and CA 
being a gyrator with zero phase shift for the direction 
AC and 180° phase shift for the other direction. If a 
signal is fed to arm 1, the signals arriving at C by the two 
paths are in anti-phase and hence cancel giving no output 
at arm 3. Similar arguments establish the properties (2) 
and (3). 

Two obvious applications for such a circuit are as a 
duplexer, and as an isolator. In the first of these, the 
transmitter, aerial and receiver are connected to arms 1, 2 
and 3 respectively: theoretically this gives perfect isolation 
between the transmitter and receiver but in practice small 
phase errors in the sections would result in too large a 
signal reaching the receiver. A further limit on the use 
of any passive duplexer using non-reciprocal circuit 
elements is that the power reflected from the aerial always 
reaches the receiver. For an aerial with a v.s.w.r. of 0:8, 
a fairly typical value in radar installations, the signal level 
at the receiver resulting from reflection at the aerial would 
only be about 20dB below the transmitter power, con- 
siderably above the level which can be tolerated. 


In the second application of the three-arm circulator 
the signal source is connected to arm 1, the termination 
being supplied to arm 2 and a matched load to arm 3. 
Any reflection from the termination is therefore dissipated 
in the matched load, so that the termination is isolated 
from the oscillator. This circuit is suitable for use as a 
high-power isolator since a high-power load can be used 
on arm 3. 
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In the gyrators described, reversing the direction of the 
magnetic field interchanges the directions for zero and 
180° phase shifts. If the magnetic field is reversed in the 
circuit of Fig. 11, the sequence 1 >2-—3 is changed to 
13-2. Accordingly, this circuit can be used as a wave- 
guide switch, the signal fed to arm 1 leaving by arm 2. or 
arm 3 depending on the direction of the steady magnetic 
field applied to the gyrator. 

Circulators with any number of arms can be made and 
a circuit for a four-arm circulator, designed by Hogan, is 
shown in Fig. 12. The operation of this component is as 
follows. 


An Hw mode incident in the rectangular waveguide arm 
A, of signpost junction Si, excites an Hn linearly 
polarized wave in the circular waveguide, whose plane is 
rotated by 45° in passing the ferrite. This wave excites an 
Hi wave in arm B of sign-post junction S$: but ideally 
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Fig. 12. Four arm circulator (after Hogan) utilizing the Faraday 
rotation effect 


does not couple with arm D. A wave in arm B excites an 
Hn wave in a circular waveguide which is rotated by 45° 
in the same direction as before and couples into arm C. 
Similarly a wave in arm C couples into arm D and a wave 
in arm D couples into arm A. 


Other Components 

In conclusion, brief mention can be made of a 
number of other important applications of waveguide 
components containing ferrite. The longitudinal field 
gyrator can be used directly as a controlled attenuator if 
a variable instead of static magnetic field is applied to the 
ferrite. If this field is periodically changed then amplitude 
modulation of a microwave carrier can simply be obtained. 
Similarly alternating magnetic fields can be applied to 
ferrite phase shifters which can be used to cause frequency 
modulation of those klystrons or magnetrons which can 
normally be tuned by mechanically adjustable short-circuits. 
“* Modulated” ferrite phase shifters can also be used to 
produce electronic scanning of multiple feed microwave 
antennas. 
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Design of Computer Circuits for Reliability 


By W. Renwick*, M.A., B.Sc. 


The steps which can be taken to increase the reliability of a digital computer during the circuit 

design stage are indicated. Factors influencing the choice of components and mechanical design 

are discussed. The advantages of marginal checking are pointed out and the ways in which circuit 
design can facilitate this are discussed. 


he a large scale computing machine reliability is of first 
importance. A measure of the reliability of a. particular 
machine may be got by comparing the hours of faultless 
work done with the total number of hours during which 
the machine was operating or being serviced. When the 
reliabilities of different machines are compared, account 
must be taken of the different operating speeds, as 
reliability should be related to the amount of useful work 
completed’. 


Among the steps which can be taken to increase 
reliability are the following: 


(a) Use of test and diagnostic programmes to check the 
machine and to facilitate fault-finding. 


(b) Preventative maintenance including marginal check- 
ing which enables an imminent fault to be found 
before it causes an actual failure of the machine. 


(c) Precautions taken during initial circuit design includ- 
ing the mechanical construction and the choice of 
components. 


This article is concerned cnly with (c) and it is hoped to 
indicate the philosophy behind the circuit design of 
EDSAC II, a large high-speed digital computing machine 
now being built at the University Mathematical Laboratory, 
Cambridge. 

Failures in electronic apparatus may be divided into 
two main classes, permanent and intermittent. Permanent 
failures are usually caused by catastrophic component 
failures which are fairly easily traced and quickly rectified, 
for example, an open-circuit valve heater, a short-circuited 
capacitor or even a broken wire will, in general, all cause 
permanent failures. On the other hand, the intermittent 
fault is usually much more difficult to trace and might be 
caused by, among other possible troubles, a dry-soldered 
joint, a component or components drifting to the edge of 
their operating margin, variation in the voltage supplies 
or by circuits being sensitive to actual pulse pattern. 


Choice of Components 

The ideal component for use in a large computing 
machine, or of course in any electronic equipment, should 
satisfy the following conditions: 


(a) Very long life, say greater than 100 000 hours. 
(b) Characteristics defined within close limits. 


(c) No drift in characteristics with temperature, operat- 
ing conditions or time. 


Secondary characteristics which, although desirable, are 
not so important in large computers, are: 


(d) Small physical size. 
(e) Low power consumption. 
(f) Robustness. 


No component at present available satisfies all these 
requirements, although the rectangular hysteresis loop 





* The University Mathematical Laboratory, Cambridge. 
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ferromagnetic core and the semi-conducting devices offer 
attractive possibilities. The point-contact germanium diode 
is already well-tried and has been found reliable. The 
rectangular loop core and transistor have upper frequency 
limits and are confined to use in slower machines, although 
the advent of rectangular loop ferrites has greatly extended 
the use of ferromagnetic cores. While the semi-conducting 
devices have fairly low maximum operating temperatures, 
because of their low power consumption there is no diffi- 
cult cooling problem involved. 

For the fast large-scale computer there is no device 
which replaces completely the thermionic valve, although 
the valves used are far from having the ideal characteristics 
required for switching applications and seem to contradict 
all the conditions laid down above. The special quality 
valves now becoming available offer hope for some 
improvement in valve reliability". A figure of merit for a 
valve to be used in direct-coupled switching circuits when 
the resistor and supply voltage tolerances are zero, or in 
capacitance or transformer coupled circuits, can be taken 
as 


 £.4.4¢.0 


where i, is the anode current flowing, E. is the change in 
grid voltage required to cut off ia, and Cae and Cz. are the 
anode-earth and grid-earth capacitances respectively. This 
compares with the figure of merit 


— &m —_—— 

Cae+ Cee 
for a valve to be used in a wide-band amplifier. When the 
resistor and voltage tolerances are not zero, the perform- 


ance of the valve depends on the anode voltage*® and the 
figure of merit can be taken as 





is 
(E.+Va) (Caet+ Cee) 


where V, is the anode voltage required to maintain the 
anode current i,. This means that in addition to require- 
ments (a), (b) and (c), the valve should have high anode 
current for low anode voltage at the operating point, which 
may conveniently be taken at V. equal to zero. It should 
also have a sharp cut-off and low inter-electrode capaci- 
tances. In addition a high heater to cathode insulation 
enables valves to be connected at different voltage levels 
without separate heater supplies. 

There are three main types of resistor available, namely, 
the solid carbon composition grade 2 resistor, the cracked 
carbon high stability grade 1 resistor and the wire wound 
resistor. The solid carbon type is prone to severe drift in 
service, the Radio Components Standardization Committee 
specification allowing for 5 per cent drift during one year’s 
shelf life and up to 15 per cent in operation, and is thus only 
of use in places where the value is absolutely non-critical, 
for example as grid or anode stoppers. The wire-wound 
resistor although it is extremely stable, drift from all causes 
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being in general within 1 per cent, cannot be used in high 
speed applications, because of its inherent reactance. This 
leaves the grade 1 resistor as the only suitable component 
for this application. The R.C.S.C. specification for grade 
1 resistors over 4 watt rating and under 500kQ is 2 per cent 
drift during one year’s shelf life and 14 per cent drift during 
operation. It should be stressed that the drift in all types 
of resistors is independent of initial selection tolerance so 
that a nominally 1 per cent resistor can be supplied legiti- 
mately outside the specified tolerance. Since all cracked 
carbon resistors tend to drift to a higher value with time, 
it is possible to use this fact to compensate for drift in 
designing circuits. Resistors with values in the range from 





pas 
VY (volts) 
(a) 


K%= loOov 
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Fig. 1. Variation of characteristics of batch of 100 12AT7’s 


1kQ to 100kQ being more stable should be used, if possible, 
and values greater than 1MQ should be avoided. The boron 
carbon resistor promises a considerable improvement in 
stability over the standard grade 1 type. Variations in 
Tesistance are due to changes in temperature, humidity and 
load, and stability can be increased by derating a resistor 
and avoiding large temperature changes in the equipment. 


Notes on the Use of Valves 

In the previous section the characteristics required by 
a valve for use in switching circuits were described. Here 
it is proposed to draw attention to the ways in which it is 
possible to increase the probability of a valve giving satis- 
factory service for a reasonable life-time. Most of the 
points which will be mentioned follow the manufacturers 
recommendations for the use of valves‘ but it is important 
that they should be followed, especially when long life is 
a and no apologies are offered for repeating them 

ere. 

Valves should be mounted in accordance with any 
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restrictions imposed by the manufacturer, and it is 
especially important in the case of valves with close elec- 
trode spacing, for example valves with high mutual con- 
ductance should have the major axis of the grid vertical, 
to avoid electrodes sagging causing inter-electrode shorts. 
Care should also be taken that air is allowed to circulate 
freely and that the way in which valves are mounted does 
not obstruct their ventilation. It is a good rule that valves 
should not be mounted base upwards unless force cooled. 

In general valves should not be operated without a d.c. 
connexion between each electrode and the cathode because 
of the possibility of secondary emission from the electrode 
concerned. In particular the resistance between control 
grid and cathode should be kept 
as lowas possible and should never 
exceed the maximum value given 
in the published data for the valve. 

The heater voltage (or current 
for series operated valves) should 
be kept as close to the nominal 
value as possible and should not 
vary by more than +5 per cent 
in any case. It is just as impor- 
tant not to under-run as over- 
run heaters as valve life is 
adversely affected in both cases. 
In addition low heater voltage 
results in reduced performance. 
The effect of varying heater volt- 


VY (volts) 
(b) age on the performance of a 


12AT7 is shown in Fig. 1a). 
Because of the thermal stresses 
in the heater during the warming- 
up period, it is advisable to 
switch the heater supply on in 
several steps. Another point to 
be noted is that it is undesirable 
to run valve heaters in series 
unless they are designed for con- 
stant current operation. 

It should ‘be remembered that 
the characteristics given in the 
published data are nominal only, 
and that the actual characteris- 
4 tics may depart from these by as 
% (volts) much as +40 per cent. The histo- 
(4) gram in Fig. 2 shows the dis- 
tribution of valves with tolerance 
on anode current measured with 
zero grid bias and 100V on the anode, for 100 12AT7’s 
In general it has been found that about half the number 
of valves of all types are initially more than 10 per cent 
from nominal. Thus to allow for initial tolerance and 
deterioration during life, design should be based if pos- 
sible on a value of half the nominal. The variation of 
zero grid bias and 100V on the anode, for 100 12AT7’s. 
in Fig. 1. Some characteristics depend only on the 
geometry of the valve structure, for example, cut-off vol- 
tage as a function of anode voltage for a triode, and not on 
the history of the valve, and in these cases allowance for 
initial tolerance only need be made. 


(wt) & 





Circuit Design 

Apart from the choice of type, rating and siting of 
components, and in the case of valves following the 
recommendations of the previous section, there is nothing 
that can be done to reduce the chance of a permanent 
failure. On the other hand the intermittent fault offers 
scope for remedy at the initial circuit design stage. The 
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design should be such that allowance is made for variations 
in component characteristics and voltage supplies and also 
that marginal checking can be easily and fruitfully applied. 
If marginal checking is to be of full advantage it should 
indicate an imminent fault due to the drifting of any com- 
ponent in the circuit, and it also may be of great help in 
tracing a fault to a particular unit or circuit. Both of these 
points should be borne in mind during the design stage. 
The other main aim in the choice of circuit design is the 
elimination of failures due to pulse-pattern or duty-cycle 
sensitive circuits, as these failures are usually among the 
most difficult to trace. 
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Fig. 3. Distribution of grade 1, 5 per cent resistors, with tolerance 


Duty-cycle faults are caused by a time-constant some- 
where in the circuit and may be due to a.c. couplings or 
to shunt capacitances. With a.c. coupling the error is due 
to the inability of the a.c. circuit to transmit the d.c. com- 
ponent of the pulse train or by the low-frequency cut-off 
of the system. The shunt capacitance causes circuits to 
operate too slowly, the error then being due to the high- 
frequency cut-off. The only sure cure for the low- 
frequency trouble is to use direct-coupled circuits 
throughout. Nothing can be dene about the high-frequency 
cut-off except to keep the operating frequency low enough 
to eliminate this trouble. A useful marginal check which 
may be applied is to increase the transfer frequency (or 
decrease the transfer pulse width) and ensure that circuits 
are still operating correctly. 

The use of direct-coupled circuits introduces some 
problems into the design which are best tackled by the 
method described in a previously published paper* where 
the design of a direct-coupled flip-flop is discussed, or by 
one of the other design methods already described**. 
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Circuits which do not lend themselves to these or similar 
design methods are best avoided. It should be pointed out 
that circuit margins are only increased at the expense of 
speed of operation, the relationship is similar to the gain— 
bandwidth limitation for wide-band amplifiers. If the 
distribution of components inside the tolerance range is 
known, it is possible to decrease the initial design tolerances 
while still keeping very low the probability of getting an 
unsatisfactory circuit initially. The measured distribution 
of a group of 400 5 per cent grade | resistors in the range 
from 1kQ to 1MQ is shown in Fig. 3 and this shows that 
no resistors were found outside the tolerance range and 
that the chance of finding a resistor more than 34 per cent 
from nominal is 1 in 50. If we consider the flip-flop circuit 
of Fig. 4 for example, the worst case for the tolerances 
on one side is obviously when one of the resistors R2 and 
R; is high and the other low. The probability of finding 
two resistors, one whose value is more than —34 per cent 
from nominal and the other more than +34 per cent from 
nominal is over 1 in 10000. Even under these conditions 
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Fig. 4. Flip-flop circuit 


the circuit will be stable unless the valve happens to be 
a bad one, and the probability, from Fig. 2 of the valve 
being worse than —25 per cent from nominal is 1 in 100. 
Thus with a circuit designed for these tolerances on 
resistors and valves the total probability of getting an 
unstable flip-flop is 1 in 10°. 

The reduction in design tolerances will obviously reduce 
the range over which components can drift without being 
replaced, but since most grade 1 resistors tend to drift 
towards a high value with time, the resistor drift will be 
self-compensating to a certain extent. Since resistors with 
a selection tolerance of 1 per cent may be supplied outside 
the tolerance limits and exhibit the same drift charac- 
teristics as those of greater selection tolerance, no long- 
term gain can be achieved by their use. 


Marginal Checking 

As has already been stated, marginal checking should 
give an indication that any circuit is operating near the 
edge of its margin and also it should, if possible, be of 
some help in locating a fault. The choice of circuit is 
limited to those whose behaviour, when subjected to the 
proposed marginal checking procedure, can be analysed. 
As an example consider again the flip-flop of Fig. 4. 

The operation of this circuit is more readily understood 
if we take the current/ voltage characteristic obtained when 
one anode resistor is removed and the current flowing into 
the circuit is measured as the voltage applied is varied, as 
shown in Fig. 5. When the voltage is zero the current will 
be E;/(R2+R:), the current flowing in the resistor chain 
only. As the voltage is increased V: will conduct (if the 
circuit has two stable states) and the current will increase 
being the sum of the anode current of V; and the current 
(V +E;)/(Re+Rs3) through the chain. When the voltage is 
equal to [E;(R:/R3)+Eo(1+R2/Rs)] where Ec is the cut-off 
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voltage of V2, V2 will start to conduct and a further increase 
in voltage will cause the current to decrease, as the drop 
in anode voltage of V2 cuts off Vi, until Vi is completely 
cut off. The current will again be given by (V+E;)/ 
(R:+ Rs) until V is equal to (E:R2)/Rs when V2 will draw 
grid current and the current will then be equal to V/ R2. This 
characteristic is shown in Fig. 6 with the load line repre- 
senting normal operation drawn in, giving the two stable 
operating points P and Q. Deterioration of V; will have 
the effect on the characteristic shown by the broken line 
in Fig. 6. Variation in R2 and R; will move the point where 
V2 starts to conduct as shown by the dotted lines in Fig. 6. 
The operating margin can be determined by reducing E; 
until the circuit has only one stable state at Q, and by 
increasing E; until the only stable state is at P. If in the 
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Fig. 5. Flip-flop circuit arranged to obtain current/voltage characteristic 
















Fig. 6. i/V characteristic and load line 


same way E> is varied the margins for the other half of 
the flip-flop can be checked. A useful marginal check for 
the flip-flop circuit of Fig. 4 is therefore to vary the nega- 
tive return voltage of each chain independently or simul- 
taneously in opposite directions. 

Another point which must be watched is that circuits 
designed with wide margins should not feed circuits with 
narrow limits on input as this effectively cuts down the 
margin. For example consider the circuit of Fig. 7 which 
transfers the contents of one flip-flop V: to another flip- 
flop, Vs. For satisfactory operation of the gate formed by 
V2 and V3, the input swing required is at least twice the 
cut-off voltage of V2. The flip-flop is quite stable with less 
than this voltage swing on its grid but components would 
have to be changed when marginal checking indicated that 
the transfer was not taking place. In this case the difficulty 
is easily overcome by taking the output from each grid of 
V: to the corresponding grid of V2. 

Not only does the marginal checking procedure for the 
flip-flop indicated above, check the d.c. stability of the 
circuit, but it also checks the trigger sensitivity margins. 
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Fig. 7. Flip-flop 7) feeding flip-flop 7 via gate valves V, and V, 


Reducing E:, and E; obviously makes a flip-flop triggered 
by the method shown in Fig. 7 more difficult to set or reset. 
To illustrate this consider the characteristic of Fig. 6 when 
the operating point is at Q@. When current is drawn by 
the trigger valve from the anode, this has the same effect 
as reducing the h.t. voltage and if this reduction is great 
enough the load line will intersect the characteristic only 
once as indicated on Fig. 6. When the trigger current is 
removed the operating point will move to P and the 
circuit will have changed state. Thus the marginal check 
applied checks both the flip-flop and its associated trigger 
valves. 

A marginal check which is sometimes applied is reduc- 
ing the heater voltage but this is not to be recommended, 
unless the circuit is one to which other marginal checking 
techniques cannot be applied, not only because of the 
adverse effect it may have on valve life but also because 
a given percentage reduction in heater voltage has widely 
different effects on valve performance from type to type. 
This can be seen clearly from Fig. 8 where anode current 
as a percentage of anode current at the nominal heater 
voltage is plotted against heater voltage, for several 
common valve types. 

Since very little data is available about the rate at which 
component characteristics drift, it is impossible to fore- 
cast the probable frequency of failures due to this cause, 
and to estimate how often marginal checking should be 
applied. Obviously the greater the amplitude of the 
margins applied, the less frequently need the machine be 
checked, but more often will components have to be 


Fig. 8. Effect of reducing heater voltage for various valve types 
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replaced. Both the frequency with which marginal check- 
ing is applied to the machine and the amplitude of the 
margins with which it is tested will be determined 
empirically when the machine is built. 


Mechanical Construction 


Since the most important aim in the design of a large- 
scale computing machine is reliability, any steps which can 
be taken to reduce the time that a machine is being repaired 
are to be welcomed. There are two contradictory schools 
of thought cn this point, one supporting the idea of plug-in 
units which can quickly be replaced when necessary by a 
spare, and the other supporting the view that faults should 
be repaired in situ and that to this end all components 
should be easily accessible to the maintenance engineer. 
The difficulty with the latter point of view would appear 
to be that even when a fault has been located to a particular 
unit, it may take some considerable time, which could be 
useful running time, to find the actual component or 
components which have to be replaced. When a plug-in 
construction is used there is still the choice to be made of 
the size of the replaceable unit. The advantages of as 
large a unit as possible would appear to be twofold. First, 
the pin-pointing of a fault need not be so exact and secondly, 
the number of plug connexions is reduced. When plugs 
and sockets are used care must be taken to ensure align- 
ment and good contact. 

It is important that the cooling of all components should 
be adequate and the mechanical design of the units should 
facilitate this. The siting of components is also important 
so that temperature sensitive components are kept as far 


away as practicable from components producing heat. A 
final point to be kept in mind is the layout of the wiring 
to reduce the number of soldered joints and stray capaci- 
tances to a minimum. The experiment of making all 
soldered joints butt joints so that a simple mechanical test 
can be used to discover dry-soldered connexions, is being 
tried on EDSAC II. 


Conclusion 

In this article an attempt has been made to point out 
the things which should be kept in mind during the initia} 
design of a computing machine. It is by no means an 
exhaustive treatment of the subject but it is hoped that 
it will have given some idea of the philosophy behind the 
design of EDSAC II. Whether these ideas have been suc- 
cessfully put into practice or not, only the reliability record 
of the machine itself can tell. 
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Ultrasonic Gauging in Shipyards 


Ships are subject to corrosion by saltwater and on oil 
tankers the rate of wastage is aggravated by. the action of 
crude oil and refined products, many of which are highly 
corrosive, carried within the holds. The thickness of ships’ 
plating must be regularly measured and corroded plates 
replaced. 

The normal method of checking for corrosion on ships 
is to drill holes to enable mechanical gauges to be inserted, 
after which the holes must be closed again by riveting or 
welding. The disadvantages of this process are obvious 
and the problem has recently been overcome by the intro- 
duction of an ultrasonic gauge, known as the Type 1101 
Ultrasonic Thickness Gauge, made by Dawe Instruments 
Ltd, 99 Uxbridge Road, London, W.5, which operates on 
the resonance principle. A variable oscillator within the 
instrument generates an ultrasonic signal, which is injected 
through a crystal probe into the plate, reflected by the far, 
inaccessible side of the plate and picked up again by the 
probe. If the outgoing and reflected signals are in phase, 
they will reinforce each other and resonance cccurs. This 
condition is easily recognized by a sudden rise of the hum 
in the earphones, and by a sharp deflexion on the meter on 
the instrument. 

Resonance can only occur if the wall thickness is a 
direct multiple of the wavelength of the signal. In opera- 
tion, the probe is applied to the plate and the wavelength 
is slowly changed by the control knob, until resonance is 
achieved, when the thickness of the plate is read off a 
scale graduated directly in inches, opposite another scale 
showing the resonant frequency. The gauge is suitable for 
measurements from 0-06in to 12in in steel, and for a similar 
range in other metals. 
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Shell Tankers Ltd. decided some time ago to give this 
method a trial. 

Several difficulties had to be overcome, the first being to 
devise a satisfactory method of cleaning a spot on the 
plate to be measured. The probe of the gauge must be 
applied directly to the metal and paint, scale and dirt must 
therefore be removed. Heavily pitted surfaces must be 
smoothed, to provide a sufficiently large area of contact 
between the probe and the plate, an air-driven grinder pro- 
viding the most convenient solution. 

Another difficulty arose over closely adhering scale on 
the far side of the plate which absorbed the signal, so that 
it became impossible to obtain an accurate reading. It 
was found, however, that a few vigorous hammer blows 
sufficiently loosened the scale to eliminate its damping 
effect. 

The cost of ultrasonic gauging depends largely on the 
skill and speed of the gauge team, but there can be no 
doubt that by dispensing with staging, economies can be 
effected, two operators being able to gauge the hold of a 
tanker without any staging whatever, by taking advantage 
of the S50ft lead for the probe. 

The cost of grinding and gauging should be appreciably 
less than that of drilling and making good and there is 
also a saving in time. With some experience, the complete 
ultrasonic gauging of a spot can be completed in about two 
minutes. 

In the course of their tests, Shell Tankers Ltd carried 
out many random checks on ultrasonically gauged locations 
by drilling and direct mechanical gauging and showed that 
it is possible easily to obtain reading; with an accuracy of 
+0-00Sin for plate thicknesses lying between 0-25 and 
0-Sin. 
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A Fast-Acting Phase Conscious Indicator 
With Good Rejection of 2nd and 3rd Harmonics 


By D. L. Davies*, B.Sc., A.M.I.E.E. 


A _Phase-conscious rectifier circuit of the gated type is described. Its particular features are high 
rejection of 2"4, 3’, and multiples of these harmonics, plus a high rejection of quadrature signals. 


A practical circuit is described in detail, and a short mathematical analysis of the mode of operation 
is included. 


HE circuit to be described was designed to meet the need 
for a fact-acting phase sensitive indicator, with excellent 
rejection of at least 2"* and 3"! harmonic frequencies. Other 
requirements were that the instrument should ignore any 
quadrature signal in the presence of a reference phase signal. 
and should also ignore any spurious frequencies. 
It was known that an instrument of the thermocouple 
wattmeter type would have an excellent performance as 





When the grids of both Va and Vz are in the “up” 
position, i.e. at voltage P, then both cathodes are held at 
equal potentials, and hence no current flows through the 
meter M. If, however, Va is cut off by its grid moving 
negatively with respect to P, and the grid of Vx is still held 
at P, then signal current will flow through Ra and M to the 
cathode of Vx. Alternatively, if the grid of Va is held at P 
and Vx is cut off, then signal current will flow through Rs 

and M to the cathode of Va; i.e. in the 
opposite direction to the previous set of 
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Phase conscious rectifier 


conditions. Thus, the signal is gated 
through M in opposite directions alter- 
nately. 


N.B.—-In addition to the signal current 
gated through M, there will also be a 
d.c. component due to the p.d. between 
P and Q. However, this is equal and 
opposite for each gating period and 
averages out to zero, the meter move- 
ment acting as the integrator. 
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Fig. 1. Principle of operation 


regards rejection of quadrature and harmonic signals, but 
the slow movement of this type of instrument was pro- 
hibitive for the application under consideration. Hence, 
a system of gated rectification was employed, being com- 
paratively “ fast-acting ”’. 


Principle of Operation 

Referring to the block diagram in Fig. 1, a sinusoidal 
reference voltage is applied to the phase splitter stage, pro- 
viding “push-pull” output signals. Each of these two out- 
puts is fed into a squaring stage of adjustable mark-to-space 
ratio. In each case, these are adjusted to give output wave- 
forms, as shown in Fig. 2(b) and (c). The two outputs are 
identical in shape, but displaced in phase by 180°. 

These two gating waveforms are d.c. restored, so that 
they always move negatively with respect to a fixed d.c. 
potential P. They are then applied to the grids of two 
cathode-followers, Va and Vx. The indicating meter is con- 
nected between the two cathodes. 

The signal is applied to the common junction of the two 
equal cathode resistors, Ra and Rp, via a signal amplifier, 
which should have no phase shift at the frequency of opera- 
tion. The junction of Ra and Rx should be at a d.c. poten- 
tial OQ which is lower than P by at least the peak signal 
voltage applied to the phase conscious rectifier. 











* Solartron Research & Development Ltd. 
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Consider a sine wave signal of refer- 
ence phase and frequency applied to the 
junction of Rx and Rx. From 2(d), it can 
be seen that, when the grid of V« is held 
at P and Vz is cut off, then current flows 
through Ry and M during the portion 
with vertical shading. Current next flows 
when the grid of Vx is held at P and Va 
is cut off; as shown by the portion with horizontal shading. 
It can be seen that the signal voltage for this second current 
flow is of opposite polarity to that of the signal during the 
first current flow. However, the direction of current flow 
through M has also reversed, so that the two currents add. 
The integrated current throughout a cycle is then read by 
the meter. 

If a sine wave signal of reference frequency, but of 
quadrature phase, is considered, as in Fig. 2(e), it can be 
seen that the integrated current through M becomes zero. 
Hence, there is no response to any quadrature component 
of the input signal waveform. 

Similar reasoning can be applied to signal waveforms con- 
sisting of 2°‘ or 3" harmonic frequencies of any phase. It 
can be seen from Fig. 2 (f.g.h.i.) that the mean current 
through M is zero in each case. Thus, there is no response 
to any 2 or 3™ harmonic components of the input signal 
waveform. The same can be said for all multiples of these 
harmonics. Harmonics which are not multiples of either 
24 or 37, je, 5, 7%, 11%, etc., are reduced by a factor 
proportional to their order, e.g. 5“ harmonic is reduced 
to 20 per cent of its value, 7° to 14 per cent, and so on. 
(See Appendix). 


Circuit Description 
The reference voltage is applied to a concertina type of 
phase splitter Vis, the two outputs being fed into two 


385 ELECTRONIC ENGINEERING 








Reference 





— 
Vig, ° 





Vey, 180° 


7 Signal “in phase 


2nd Harmonic 
“In phase 





(9) . 7 . 2nd Harmonic 
y Y y y “Quadrature 


3rd Harmonic 
In phase 


(i) 3rd Harmonic 


Signal “Quadrature ” 


“Quadrature ” 


identical cathode-coupled limiters V2 and V3. By means 
of VR, and VRs2, the output waveforms from these two 
squarers are adjusted to be as in Fig. 2(b) and (c) respec. 
tively, i.e. “up” for 3° of a cycle, and “down” for 4". 
but displaced from each other by 180°. 

These two gating waveforms are applied to the grids of 
V,, being d.c. restored by two germanium diodes to move 
negatively with respect to point P, which is at about 60V 
positive. 

Signal voltages are fed via a signal amplifier to a cathode- 
follower Vi», whose output drives the return point of the 
cathode resistors of Vs. The quiescent voltage at this point 
is about 40V positive. The signal amplitude at this point 
is always sufficiently low so that positive peak signals will 
not lift the cathodes of V, above the potentials to which 
they are clamped when the gating waveforms are in the 
“up” state. Likewise, the gating waveform in the “ down” 
state must be sufficiently low so that it keeps the valve 
which is being gated, off; even when peak negative signal is 
applied to the cathode return point. 

VR; is a variable resistor in series with the meter M, and 
is used to adjust the sensitivity of the indication. This 
resistor is common to both current paths, i.e. via the 
cathode resistors of Via or Vin, so that it affects both current 
contributions equally. 


In order to balance out the different quiescent levels at 
the cathodes of Vi, and V.» due to their possibly different con- 
tact potentials, VR, is provided to adjust the return point 
of one grid, either positively or negatively with respect to 
the other. In the description of the operation of the circuit, 
this small difference was ignored, and the potential to which 
both grids were returned was referred to as point P, whereas 
in practice there is a slight difference between the two grid 
return points. 


Performance 

The circuit described was designed to operate over a 
reference frequency range from 60c/s to 2400c/s. .Its 
measured rejection of 2"¢, 3™ and multiples of these har- 
monics was at least 100:1. 5, 7th, 11° harmonics, etc. 





























































































































* Fig. 2. Waveforms decreased in proportion to their order, as indicated earlier. 
Rejection of quadrature signal could not be measured 
accurately, but was better than 100: 1. 
Fig. 3. Circuit diagram 
+2S50V 
_ - > z - z 3 4 g 
S22MQ_ 227ka S56kKQ 2220 S18OkQ 222 56kQ $2:2MQ — 222$ 222 18OkNS 
5 O-5uF " 
O2SpF +4" O-SpF 
il dE 
mv, V3 Vip V4 
om — 1002 om 100Q — : 100Q os ~ 1002 
irae a ‘ a a ‘Sage aren Ae 
—_—— F — ‘mel GEX 
Ko’ 4 
TDAK? $ 1OOkQ T2AX7 IMQ 12AT7 * S 
_ SR, VR,> ¥ GEX54 a VR; al 
» $50KQ = 100g) ISkQ 25kQ | MQ 
O-25pF IMQ 100 -O-l00pA 
IMQ + ial 
=a Ss O-SuF 8-2kQ 8 -2k 
1OOkQ ke 
< < < 
asann ann 22kQ 47kQ 470kQ B2kQ | 
+ eal 
. 7 From signal amplifier ii 


ed 


ELECTRONIC ENGINEERING 








386 SEPTEMBER 1956 


RSE 





is n 


tho 
the 
of 

har 
for 
of | 


line 
is | 


Sol 
fur 


th 
f(t 


pi 


means 
€ two 
espec- 
r 4rd. 


ids of 
move 
 60V 


hode- 
f the 
point 
point 
: will 
vhich 
1 the 
wn” 
valve 
1al is 


and 
This 
the 
Trent 


ls at 
con- 
Oint 
t to 
cuit, 
hich 
reas 
grid 


ra 
.Its 
\ar- 
etc. 
ier. 
red 











POLE IOTS 





APPENDIX 


The gating waveform which eventually samples the signal 
is made up of Fig. 2(b) and (c), with say (c) reversed. The 
phase conscious rectifier, consisting of Vs, can then be 
thought of as a multiplier between the gating waveform and 
the signal under test. Any harmonic rejection properties 
of the multiplier may then be examined in terms of the 
harmonic content of the gating waveform. The gating wave- 
form is as in Fig. 4. Let it be considered as a Fourier series 
of the form: 

ane 
f(t) = Ao + > [Bn sin (nwt) + An cos (nwt) 
n=1 
By inspection, this waveform is symmetrical about the base 
line—hence there is no steady or d.c. term. 

Again, by inspection, the function is an even one, i.e. 
is symmetrical about t = 0. Thus, there can be no sinu- 
soidal terms in its Fourier series—sine terms being odd 
functions. 











Fig. 4. Gating waveform /(1) 


If we denote the coefficient of any cosine terms by An, 
then it can be shown that for any periodic function of time 
f(t), then: 


An = (1/=) [ f(t) cos nwt) d(wt) 


where w = 2zf = (27/T) 
T being the periodic time. 
Thus wt = 7 when t = (7/2) (see Fig. 4). 
Since the function under consideration is discontinuous, 


we can consider the above integral as composed of several 
parts. 


Thus: 
+77 /3 +1 
An=(1/7) [ Ecos nwt) d(wt)+(1/x) { (—E) cos n(wt) d(wt) 
7/3 +277 /3 


+(1 In) { (—E) cos nlwt) d(wt) 


= (E/nz){sin n(wt)]**)} — (E/na)[sin n(wt)]*3,, — 
(E/nz){sin n(wt)|~*"" 
= (E/nz) [sin(nz/3) — sin(—nz/3) — sin(nz) + 
sin(2nz/3) — sin(—2nz/3) + sin(—nz)] 
But sinx = —sin(—x) 
Thus: 
~ An = QE/nz) [sin(nz/3) — sin(nz) + sinQQnz/3)] 
= (2E/nz) [sin(nz/3) + sin(2nz/3)] 


For increasing values of n, we find the following values 
of (Anz/2E): 
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Thus the function f(t) can be expressed as: 
f(t) = 2V3E/z) [cos(wt) — (1/5) cos(Swt) + 
(1/7) cos(7wt) — (1/11) cos(Ilwt) +..... J 
Let the signal waveform be represented by, say, f(t) 
where f(t) = do + - [bn sin(nwt) + Cn cos(nwt)] 
n=1 
Multiplying f(t) and f(t) together, we see immediately that 
a large number of terms will become zero, due to the follow- 
ing relationships : 


27 
{ sin nx sinmxdx = 0 for m#n 


2a 
[ cos nx sinmxdx = 0 for m#n 


o 


27 

( cosnx cos mx dx 

oO 
Thus, the only terms that can exist in the product are those 
due to the 5**, 7", 11", etc. harmonics of the signal wave- 
form, since they are the only ones that will give rise to finite 
integrals. 

Furthermore, the product terms due to these harmonics 
will decrease in direct proportion to the order of the har- 
monic concerned. 

Finally, it is worth noting that the terms which disappear, 
due to the following relationships, are those due to quadra- 
ture signals, i.e. there will be no quadrature response. 


2n 


J sin nx cos mx dx=0 for m=n 
° 


0 for m#n 


As has been noted, the above analysis is substantiated in 
the practical circuit described. 


Acknowledgments 

The author wishes to express his thanks to the directors 
of Solartron Research & Development Ltd. for permission 
to publish these notes. 





Opening Ceremony by Television Link 


What is claimed to be Britain’s longest closed television 
link was set up recently in connexion with the opening of the 
British Oxygen Company’s “tonnage” oxygen plant at Margam 
in South Wales. 

This oxygen plant, which is the first of its kind in Great 
Britain, has an output of 100 tons of oxygen per day and 
supplies oxygen in bulk to the nearby Abtey Works of the 
Steel Company of Wales. 

It will be followed very shortly by a companion plant with a 
capacity of some 200 tons/day (one ton of oxygen is equivalent 
to approximately 26 000ft? at normal temperature and pressure). 

The opening ceremony was performed by the Home Secre- 
tary and Minister for Welsh Affairs, Major the Rt. Hon. 
Gwilym Lloyd-George, M.P.. from the Board Room of the 
British Oxygen Company Ltd. at Bridgewater House, London, 
after which a “tour” of the oxygen plant and steelworks was 
carried out by means of a closed television link. The television 
link involved a distance of some 200 miles. 

At Margam, three Marconi standard image orthicon cameras 
were used, their signals being relayed through normal control 
equipment to an s.h.f. radio link at Pyle, from whence they 
were fed into a G.P.O. coaxial cable routed to Wenvoe and 
then by five video repeater links to the Museum Telephone 
Exchange in London for connexion to Bridgewater House. 
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A Circuit for Analogue Formation of xy/Z 
By M. J. Somerville*, B.Sc. 


A quarter squares multiplier, using a triangle carrier waveform in the squaring circuits is extended 
to give division simultaneously with multiplication. This is achieved by controlling the slope of the 





triangle carrier waveform so as to be proportional to the divisor Z. 


































































Tr 


‘ 
; ‘ . . . P ‘ ; , are ' | 
HE scheme described herein embodies the difference of Rapid recharging of the integrating capacitor C; is obtained | 
squares method for formation of the product, using by recharging it from the output cathode-follower V». To 
triangle waves for the generation of squares’. Division of obtain the highest ratio of charging to discharging time 
the product is effected by control of the slope? of the for C:, its value must be a minimum compatible with linear 
triangle wave input to the squarers, maintaining a constant triangle generation. Vs is effectively a d.c. coupled Miller 
height of triangle and constant repetition rate. transitron, since the time-constant of the screen grid to sup- 
pressor coupling (CsRw) is very long compared with the 
Basic Circuit (Fig. 1) (Waveforms Fig. 2) 
Trigger pulses of constant repetition rate, generated by (@ 
the oscillator trigger the triangle wave generator. The slope 
of the triangle is proportional to the voltage Z, which is 
the input to a Miller integrator triangle wave generator. It 
is essential that the flyback time of the triangle be mini- 
mized to ensure accurate division. Formation of the squares o 
by clipping off from the input triangle heights |x + y| and 
|x — y| gives outputs proportional to (x + y)?/Z and 
bey SQUARER 
A « 
TRIANGLE Output 
OSCILLATOR WAVE SUBTRACT 
| GENERATOR xy|z ©) 
tiie SQUARER 
\x-Yo 8 
Fig. 2. Waveforms 
Fig. 1. The multiplier/ divider (a) Trigger pulse from oscillator, (b) triangle wave outputs for two values 
of Z, (c) corresponding squarer outputs 
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Fig. 3. Variable slope triangle wave generator 


{x — y)’/Z respectively. The difference of these yields an 
output proportional to xy/Z. 


Variable Slope Triangle Wave Generator (Fig. 3) 

An a.c. coupled Miller transitron (V2) generates at its 
screen grid a square wave having regenerative negative- 
going steps, and a repetition rate of S5kc/s. 

V, stabilizes the positive level of the timing waveform at 
V2 anode to give a stable frequency: of oscillation for the 
circuit. Differentiation of the square wave at V2 screen, 
by C.R:, provides a negative pulse which triggers the vari- 
able slope triangle wave generator (Vs) via Vi. The run-down 
tate of this Miller integrator is proportional to the input Z. 


* University of Manchester. 


ELECTRONIC ENGINEERING 388 


repetition rate. Diodes V; and Vs provide stabilization of 
the triangle wave d.c. levels. 


Squarers 

Fig. 4 shows the circuit of squarer A, in which the inputs 
+(x + y) and —(x + y) are added to the triangle wave on 
adding chains RisR»R» and R2Rox»R» respectively. VR: 
and VR: provide adjustment of the input levels to V1 and 
Vio so that when both x and y are zero the outputs from 
Vw and Vi; are both just zero. The effect of stray capa- 
citance at the output point is minimized by returning Rs 
to h.t.+, using Vy to stabilize the d.c. output level. This 
ensures that the fast flyback is maintained at the output. 
Squarer B is identical to squarer a, except that the inputs 
to the adding chains are +(x — y) and —(x — y). 
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Fig. 6. Multiplier phase shift and error for sinusoidal x or ) input 
Z and x (or y) constant. Oscillator frequency Skc/s 
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Fig. 5. Subtraction of squarer outputs 


Subtraction of Squarer Outputs (Fig. 5) 

Accurate reversal by Vi; of the input —(1/Z)(x — y)’ is 
adjusted by Rzs. Vis and Vu cathode-follow the signals 
—(1/Z)(x + y)? and +(1/Z)(x — y)’, which are added and 
reversed by the anode-follower Vis, to give an output pro- 
portional to xy/Z. Smoothing out of the carrier frequency 
is by CsRs(=CoRx) and CyRuw. A limited amount of low 
frequency phase advance is provided by CwRs(=CuRw) 
to compensate for the signal phase lag due to the circuit 
which provides smoothing of the carrier frequency. For 
correct compensation at low frequencies: 


CwRs = CuRa = CsRa + CeRa = CoRe + CeoRa 


Fig. 6 shows experimental curves of phase shift and change 
in output amplitude with frequency, for sinusoidal x or y 
input, when y (or x) and Z are constant. 


A New Van de Graaff Installation 


A 2MV Van de Graaff electrostatic particle accelerator 
has recently been installed by Standard Telecommunication 
Laboratories Ltd. for industrial research. The accelerator 
has a 4ft belt 10in wide which travels at 4 000 rev/min, the 
initial charge on the belt being 35kV. The output of the 
generator can be either positive or negative and both the 
particle source and the target can be changed to give 
various types of output. The electron beam power is 100W 
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Conclusion 

The circuit described is accurate to +2 per cent of maxi- 
mum output for four-quadrant values of x and y between 
plus and minus 50V, and for all values of Z between about 
40 and 200V (Zmin to 5Zmin). Greater accuracy could be 
obtained by using a lower oscillator frequency. The multi- 
plier must be supplied from stabilized positive and negative 
lines, when the settings of squarer zeros and the subtractor 
zero (VR3) are adequately stable. Output ripple is depen- 
dent upon the value of Z, and at Z = Zmin the r.m.s. ripple 
is 2 per cent, increasing to about 8 per cent of output 
voltage at Z = 5Zmin. Inputs +x and +y are assumed to 
be available, but can be generated from x and y by anode- 
followers. 


REFERENCES 
1. ene, K. H. A Simple Electronic Multiplier. Electronic Engng. 26, 
2 (1954). 
2. Douce, J. L. A Simple Analogue Divider. Electronic Engng. 26, 155 (1954). 


and electrons can be accelerated to 98 per cent the velocity 
of light. 

The research programme in the immediate future will be 
mainly into the effects of irradiating various materials and 
in particular insulators, as for example polythene, the melt- 
ing point of which can be raised considerably by irradiating 
it in an electron beam. The various effects of irradiating 
semiconductor materials will also be investigated. 

The Van de Graaff generator and the control equipment 
have been supplied by the High Voltage Engineering 
Corporation of America. 
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Wide-Range Voltage Stabilizers 


By F. A. Benson*, M.Eng., Ph.D., A.M.LE.E., M.IR.E., 
and L. J. Bental*, B.Sc., Dipl. Ing., M.Eng. 


A brief review is first given of methods which have been developed to provide a stabilized supply 
with a wide voltage range and whose output can be adjusted down to a very low voltage. Details 
of one form of such stabilizer, which has been constructed by the authors, are then given with 
some information about its performance and limitations. The supply, which is best suited for labora- 
tory work, has an output voltage adjustable within the range from zero to 300V. The maximum 
load current is 180mA for output voltages under 50V, but at higher output voltages it is 200mA. 


LTHOUGH the literature on _ thermionic-valve 

stabilizers is very extensive, the majority of arrange- 
ments have the disadvantage that the output voltage cannot 
be reduced below a certain minimum value of about 100 to 
200V. To obtain voltage control below this minimum, 
considerable elaboration of the usual arrangement is 
necessary and this may reduce the degree of stabilization. 
Methods of obtaining a stabilized supply with a wide 
voltage range whose output can be adjusted to a very low 
voltage are discussed here. The authors have constructed 
one form of such a stabilizer in order to obtain detailed 
information about its performance and limitations. A 
description of this equipment is included. 

Most regulated power supplies employ a stabilizing 
unit based on the series-parallel valve circuit! (Fig. 1). In 
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Fig. 1. Series-parailel valve stabilizing circuit 





this circuit the control valve V; is in series with the load 
and the total load current flows through it. V2 is a d.c. 
voltage amplifier which amplifies variations in the output 
voltage V.. Glow-discharge tube V3 provides the reference 
voltage; it maintains the cathode of V2 at a constant poten- 
tial with respect to the negative terminal. If there is a devia- 
tion AV, in the output voltage, part of it is applied by 
means of potentiometer R: to the grid of V2 where it is 
amplified and then fed directly to the grid of control valve 
V:. In this way the change of V. is counteracted. The out- 
put voltage can be varied by. adjusting R:. 

It can be shown that in the series-parallel valve circuit 
jusi described both the stabilization ratio and the internal 
resistance depend on the amplification factors of the two 
valves V; and V2. In practical units a power pentode con- 
nected _as a triode is frequently used as the control valve. 
In this case the amplification factor of the control valve 
does not usually: exceed 20 and the contribution of Vi 
towards the regulation is only small. For good regulation: a 
supply for feeding the screen grid of the control valve 
should be provided, thus taking full advantage of the high 
amplification factor of the pentode. The d.c. amplifier stage 
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commonly employs a pentode in view of the high gain 
obtainable. To counteract input voltage variations the 
screen grid supply for V2 is sometimes taken from the input 
side of the unit instead of from the output (see Fig. 2). 
Further improvement may be achieved by stabilizing the 
screen grid voltage of the control valve and the anode 
supply for the amplifier valve by means of glow-discharge 
tubes. 


The output voltage of the circuit of Fig. 1 cannot be 
reduced to zero. In fact V. must always be greater than the 





Pe . 
= " 

Control 

V2 “=I valve 

V; ee 
me + 
Amplitying 
valve 
V, 
| 
- 6—— * sil _ 








Additional source; * 
of potential a 


Veet = 


Fig. 2. Modified stabilizing circuit to obtain low output voltage 











sum of the voltage drop across the amplifier valve (usually 
more than 75V), the grid bias of the control valve (approxi- 
mately 20V) and the reference voltage. If, for example, 
an 85A2 tube is used to provide a reference voltage of 
about 85V, the minimum output voltage obtainable is near 
180V. This minimum can, of course, be reduced by. con- 
necting a potential divider across the tube V3, thus reducing 
the reference voltage to about 20V or, if convenient, by 
using a battery to provide the reference voltage. Special 
sub-miniature valves with a working anode-cathode voltage 
of only about 25V can be employed as voltage amplifiers. 
These modifications enable adjustment of the output voltage 
down to about 65V. In practice, however, it is often desir- 
able to have a stabilized power supply, the output voltage 
of which can be varied continuously over the range from a 
few hundred volts down to zero. Circuits meeting this 
requirement have been developed by Working’, Garratt’, 
White and Mansford‘, Scroggie®*, Green®, Houle’*®, May 
and Skalnik® and Admiraal”. 

Working? employed two stabilized supplies connected in 
parallel, one supply having a fixed output voltage of 
approximately 200V, the other having an output voltage 
variable over the range 200 to 400V. By connecting the 
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negative terminals of tne two units together, any voltage 
from zero to 200V could be obtained between the two 
positive terminals. 

Garratt? developed a simpler circuit by using an addi- 
tional voltage supply which was stabilized with a VR150 
glow-discharge tube. Low output voltage could thus be 
obtained. This circuit is very similar to one developed 
previously by White and Mansford* which is shown in 
Fig. 2. The fundamental principle is to use an auxiliary 
source of potential to keep the cathode of the amplifying 
valve at a negative potential with respect to the negative 
terminal. If this potential is so large that the anode of the 
amplifying valve can be made sufficiently negative to com- 
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fiers are used in the auxiliary negative supply circuit, the 
latter being stabilized with 85Al1 glow-discharge tubes. 
This negative supply may be used to provide additional 
negative output voltages (terminals a, B and c). No appre- 
ciable current should be drawn from the negative output to 
avoid overloading the glow-discharge tubes. Scroggie 
emphasizes the necessity of smoothing the auxiliary supply 
very thoroughly to avoid fluctuations in the reference pro- 
vided by V3:. A supply similar to Scroggie’s has been 
described by Green®. In this case four 807 valves in parallel 
provide the control element and a single 6AC7 valve, 
operated below earth, serves as a d.c. amplifier. The output 
voltage of Green’s supply is adjustable within the range 3-5 
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Fig. 3. © to 500V regulated power supply 


pletely cut off the control valve, then it is possible to reduce 
the output voltage to zero. The basic circuit of White and 
Mansford has freauently been employed, the negative 
potential for the d.c. amplifier usually being obtained from 
separate transformer windings through a rectifier unit and 
stabilized with glow-discharge tubes. The circuit has the 
advantage of being easily adaptable to various require- 
ments. If a large current is desired, for example, several 
control valves can be used in parallel. The voltage range 
can be widened by employing a transformer which gives 
the required supply voltage. It should be remembered, 
however, that the control valve is in series with the load 
and there is a large voltage drop across the valve, therefore, 
at low output voltages. This drop should not exceed the 
specified maximum anode voltage. In order not to over- 
tate the valve it is customary to provide the h.t. transformer 
with tappings. When low output voltages are selected by 
means of the range switch, the anode supply voltage for the 
control valve is reduced accordingly. 

Full details of a regulated supply with a continuously 
variable output voltage from zero to S5OOV at currents up 
to 100mA have been given by Scroggie®. A circuit diagram 
of his unit is shown in Fig. 3. Two EL37 power pentodes 
are employed as control valves and the d.c. amplifier is an 
EF42 high slope pentode. A resistor is incorporated in the 
screen grid circuit of V2 in addition to the glow-discharge 
tube V; to counteract input-voltage variations. Metal recti- 
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to 500V at currents up to 300mA. The unit has an internal 
impedance of 8 to 122. 

Houle’ criticizes stabilizers which are based on the above 
circuit because of the many separate heater transformer 
windings required and the excessive power dissipated in the 
auxiliary circuits. He has described an alternative circuit 
for a supply: with a stabilized output voltage variable from 
zero to 300V (Fig. 4). The usual d.c. amplifier has been 
exchanged by one based on a carrier-voltage principle. The 
source of carrier voltage is an oscillator with a frequency 
of 150kc/s and the modulator comprises a 1N38 crystal 
diode. The d.c. control voltage (i.e. the difference between 
part of the output voltage and the reference voltage) varies 
the conduction of this diode. Amplification of the con- 
trolled carrier voltage is effected by a conventional tuned 
amplifier and the d.c. signal is recovered, after amplifica- 
tion, by a 6H6 diode and fed to the grid of the control valve. 
The internal impedance of the equipment is fairly high, 
being about 409. Although the various circuit elements in 
this unit are simple and small, it seems that the principle has 
not generally been adopted. 

May and Skalnik® have developed a stabilizer, the output 
voltage of which is not only adjustable to zero, but which 
maintains regulation while carrying reverse currents. This 
is of importance for bias supplies for class-C operated 
amplifiers. A beam power valve is connected in parallel with 
the load and serves as an electronic bleeder which draws an 


ELECTRONIC ENGINEERING 











approximately constant current regardless of the output 
voltage. Thus the supply can draw a negative current equal 
to the bleeder current (about 25mA) before losing its 
stabilizing ability. 

All the above arrangements possess the disadvantages 
that the amplifier valve is controlled by only part of the 


+425V Unregulated 


from auxiliary transformer windings required for feeding 
the screen grid of the control valve. The negative terminal 
of this auxiliary supply is negative with respect to the 
cathode of the control valve and the required potential for 
the control grid of this valve can easily be obtained by 
adjusting the potential divider Ri: and R». The auxiliary 
supply should be pre-stabilized so that 
the screen grid of the control valve 
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and the anode supply for the amplifier 
valves are kept at constant potentials 
independent of the input voltage. In 
this circuit the output voltage is almost 
equal to the reference voltage and it 
can be adjusted by varying the latter. 
(It has been shown elsewhere! that the 
larger the reference voltage the greater 
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the stabilization ratio.) 

The authors have constructed a stabi- 
lizer very: similar to that of Admiraal. 
Details of this unit will now be given 
with some information about its perfor- 
mance and limitations. Several changes 
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Fig. 4. 0 to 300V stabilizing circuit employing a carrier-type control amplifier 
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Fig. 5. Stabilizing circuit in which the variations in output voltage are 


applied in their entirety to the amplifier 


Output voltage variation and that this part depends on the 
desired output voltage and varies usually between one-half 
and one-sixth. Admiraal’ has designed a circuit in which 
the total variation of output voltage is always applied to 
the amplifier. This circuit, which is shown in Fig. 5 is, 
therefore, useful when a very high degree of stabilization 
is required. The control valve Vi is a pentode. Two stages 
of amplification are necessary. so that the voltage variations 
are applied to the grid of the control valve with the correct 
phase. (If only one voltage amplifying valve is used, the 
reference voltage source must be connected to the cathode 
of it. The cathode current of the amplifying valve must 
then flow through the reference source and because of 
variations in this current the stabilization might be rather 
- poor.) The anode voltage for the amplifier valves is derived 
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A 





were introduced into Admiraal’s 
circuit to conform with various require- 
ments, but the fundamental principles 
have not been altered. Thus: 


(a) The unit is based on the circuit 
shown in Fig. 5. 

(b) The control valves are power- 
pentodes with a separate pre- 
stabilized supply feeding their 
screen grids. 

(c) The amplifier employs 
miniature pentodes. 

The heater current of the sub-miniature valves is very 

small (15SmA) and can be derived, therefore, from the 

stabilized auxiliary supply without overloading the glow- 
discharge tubes. This results is a considerable improvement 
in the performance of the equipment. 

The supply has an output voltage adjustable within the 
range from zero to 300V. At output voltages under 50V the 
load current should not exceed 180mA to avoid exceeding 
the maximum anode dissipation of the control valves. At 
higher output voltages the maximum load current is 200mA. 

The complete circuit diagram of the unit is shown in 
Fig. 6. Four KT66 beam-power tetrodes are employed as 
control valves with resistors in the anode and grid leads to 
eliminate oscillations. Several control valves are required 
since it is the total anode dissipation that limits the output 
current of the unit. The screen grid voltage is stabilized at 
210V with two QS1206 glow-discharge tubes. A 200V, 
1SW incandescent lamp is used as a series resistor to avoid 
large current variations through the glow-discharge tubes 
when the input voltage varies. Stabilization of the screen 
grid voltage limits the current through each control valve 
and also limits the number of valves which may be con- 
nected in parallel to obtain large output current. At maxi- 
mum output voltage and current (300V and 200mA respec- 
tively) and under unfavourable conditions (input voltage 
below nominal value) the four KT66 tetrodes draw a con- 
siderable screen grid current from the QS1206 stabilizer 
tubes. If the current is increased further, or if another 
control valve is connected, the current through the QS1206 
tubes may drop below the extinction value. For similar 
reasons the input voltage should not drop more than 12 per 
cent below the nominal value. 


The amplifier consists of two direct-coupled stages 
employing DL66 sub-miniature pentodes. As pointed out 
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by Admiraal, the anode supply and the anode resistors for 
the DL66 valves should be increased to 75V and 680k, 
respectively, to reduce the effect of the load current on the 
relative anode current variations. Both anode and heater 
supplies for the amplifier valves are derived from the stabi- 
lized auxiliary supply. The glow-discharge tube Vu provides 
a constant negative potential with respect to the cathodes of 
the KT66 valves. The grid bias for the control valves can 
be set at its correct value by: means of the potential divider 
Rx» and R.;. The requirements that 


(a) the output voltage V. may be reduced to zero, 


(b) the regulation at maximum output voltage (Vo = 
300) is effective, 


limit the values of the resistors to close tolerances. 
Parasitic oscillations were encountered as a result of 
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Fig. 7. Output voltage variations as function of input voltage for various 
load currents 
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Fig. 8. Output voltage variations as function of load current 


the very high gain in the feedback loop. To eliminate these, 
a capacitor, Cs; was connected across the resistor Ryu. The 
value of Cs was found to be rather critical (about 20pF) 
and a pre-set capacitor was therefore used. Further, the d.c. 
amplifier and all leads to the grids of the control valves 
should be screened. 

The reference voltage is taken from four 85A2 tubes con- 
nected in series and fed from the auxiliary supply. The 
supply voltage is pre-stabilized and the series resistor is of 
large value so that the reference-voltage tubes are operated 
at a very nearly constant current. Care should also be taken 
to avoid any running-voltage variations in these tubes due to 
temperature changes or vibration. By means of the range 
switch S:, each 85A2 tube can be successively short- 
circuited. This reduces the reference voltage (and also the 
output voltage) in steps of about 85V. 

The meters M; and M2 read the output voltage and 
current, respectively. (Switch S; enables full-scale deflexions 
of M, at 30, 60, 150 or 300V to be obtained). The shunt 
Rx; for the milliammeter M2 adds considerably to the very 
small internal resistance of the equipment. A switch 5, is 
therefore provided, which short-circuits this meter when 
not in use. 

The performance of the stabilizer was determined for 
input voltage fluctuations and for load-current variations. 
Fig. 7 shows the output voltage as a function of the input 
voltage at output voltages of 10V and 300V. The curve 
for V. = 10V and /, = 0 shows that for very low output 
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voltages the bleeder current is insufficient. The additional 
bleeder Rss should, therefore, be switched in when a current 
of less than 10mA is drawn from the supply at low output 
voltages. The stabilization ratio (AVi/Vi)/(AVo/ Vo) 
approximately 2000. The effect of load current on the out- 
put voltage is also extremely small, as shown by Fig. 8. 
The rapidly increasing part of the V. = 10V curve for 
currents under 10mA can be eliminated by the above men- 
tioned bleeder. I* is then found that the internal impedance 
of the equipment (ic. —AV./AlI.) is about 0-1 to 0-20 
for all voltage ranges except at very: low currents. Fig. 9 
shows the internal impedance as a function of load-current 
for an output voltage of 10V. 

The auxiliary circuits of the equipment tend to become 
rather complicated and the power consumption is fairly 
high so that the supply is best suited for laboratory work 
where a very high degree of stability is required. At no 
load and an output voltage of 300V the input power is 
about 110W and at full load it is approximately 260W. To 
dissipate a relatively large amount of power in the auxiliary 
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circuits is considered justified in order to obtain the excel- 
lent performance of the unit. Even though the stability of 
this unit is extremely good, it is inferior to that obtained 
by Admiraal”. This circuit is difficult to adjust, however, 
and if one component is changed the whole circuit needs 
some modification. Further, normal laboratory components 
have been used throughout and not special high-stability 
ones. 
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A Method of Tuning Resonant Cavistie 


By W. M. Haywood’, B.Sc. 


A method of tuning resonant microwave cavities over a bandwidth of approximately one per cent is 
described. The inductive tuning rod is enclosed in thin wall glass tubing, all movement therefore 
taking place outside the vacuum envelope. The effects of the glass tube on cavity properties are 
described and the performance of the system under conditions existing during valve processing 


examined. An assessment is made 


N the construction of klystrons it is usually necessary to 

incorporate in the valve a mechanism allowing the tuning 
of the resonant cavities. This is necessary, to allow for 
manufacturing variations in the construction of cavities, 
resulting in nominally similar cavities having different 
resonant frequencies; and also to allow adjustment of band- 
width and examination of valve performance as one, or 
more, of the cavities are detuned. 

A normal method of cavity-tuning employed is an induc- 
tive one, utilizing a rod penetrating the cavity radially from 
the perimeter, in the region of high magnetic field. Until 
now this method has necessitated the use of vacuum-tight 
flexible bellows in a form of construction such as that 
shown in Fig. 1. 

The use of these bellows involves numerous dis- 
advantages. Firstly, they may 
limit the baking temperature 


of the merits of the tuning system. 


Initial Measurements 

To investigate the effect of introducing a glass tube in 
to the cavity on the cavity properties, measurements were 
made of the change of shunt impedance of a cavity as a 
“ Kodial” glass tube of wall thickness 0-‘Smm, and closed 
at one end, was introduced from the side of the cavity. The 
cavity. terminated a waveguide line, the Q being measured 
by Lawson’s method from measurements of the v.s.w.r. 
and phase on the line in the region of cavity resonance’. 
From this, Rs» was found by loading the cavity nose with 
a dielectric rod and measuring the change in resonant 
frequency’. 

The results of these measurements, shown in Fig. 3, 
indicate that the reduction in Rs,» was sufficiently small 
(10 to 20 per cent for adequate tuning range) to warrant 








of the valve. Thus, when 
brass bellows have been used 
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valve components. Secondly, ° om Mild steel 
bellows are prone. to Fermice 
leaks which are difficult to MILD AY Fd 4 
seal effectively when they Fig. 1. Tuner bly using bell Pee) BOSS 


occur within a convolution. 

Thirdly, when brazing the bellows in position, the tempera- 
ture is such that near the brazes the bellows may lose their 
flexibility necessitating the use of a greater length of 
bellows than would otherwise be the case. Also, the use of 
a bellows assembly involves the use of a considerable 
number of small components, and the mechanism can 
become rather large and unwieldy. 

In the work to be described the use of bellows has been 
avoided entirely. This has been achieved by mounting the 
tuning rod outside the vacuum envelope, a thin glass tube 
penetrating the cavity wall in which the copper tuning rod 
can be moved, forming the vacuum envelope. This is 
shown in .‘ig. 2. While this method avoids the practical 
limitations of bellows detailed above, it has several dis- 
advantages which affect mainly the electrical performance 
of the valve in which it is used. The presence of glass 
within the cavity results in a reduction in cavity shunt 
impedance, Rsn, which, in a klystron operating at a d.c. level 
where cavity losses are important, will result in diminished 
valve performance. 

Measurements have been made on the changes in Rsn 
and other cavity properties arising from the use of this 
“glass dome” tuner in an X-band cavity, and, by proces- 
sing a cavity in which such a tuner was employed an assess- 
ment made of the likely performance of the mechanism 
when mounted in a valve. 
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further investigation of the method. 


Physical Construction 

A diagram of the construction of the tuning mechanism 
is shown in Fig. 2. 

The glass tubing employed was precision-bore tubing of 
wall thickness 0-S5Smm closed at one end and of internal 
diameter 3-1mm, the tuner rod being 3mm in diameter. The 
required penetration into the cavity being known from 
considerations of the desired tuning range of the cavity, 
the requisite length of glass tube was sealed by means of 
an outside seal on to a Fernico cylinder. The concentricity 
of the glass tube and Fernico cylinder is obviously essen- 
tial, the copper tuning rod passing down both, and this 
was achieved using a carbon mandrel through both, while 
the seal was made. A ledge machined on the inside of the 
main Fernico piece which is brazed into the cavity: block, 
located the glass rod in the cavity, the position of the ledge 
being finally determined by machining after the glass seal 
had been made so that the penetration of the glass rod was 
accurately determined. The glass tube and Fernico assembly 
was then brazed to the main Fernico piece around the outer 
rim, as shown in Fig. 2, this forming the vacuum seal. 

A standard micrometer thread, 40 t.p.i., together with a 
graduated scale, on the outside of the main Fernico piece 
held the tuner rod in position, allowing the movement of 
the copper tuning rod in and out of the cavity. 
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Measurements 

Two mechanisms of the form described above have been 
made and the measurements carried out on each are 
described below. 


TUNER | 

This was constructed to examine the electrical properties 
of a cavity with a “ glass dome” tuner without any inten- 
tion of testing the vacuum properties of the dome and 
associated seal and braze. The wall thickness of the glass 
dome was 0:5mm and set to permit a tuning rod penetration 
of 3mm into the cavity. No difficulty was experienced with 
the sealing or brazing. 

Three sets of measurements were carried out on the effect 
of the glass dome on: 


(a) Tuning range of the copper rod. 
(b) Cavity Q. 
(c) Cavity shunt impedance Rsn. 


Glass tube 
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Fig. 2. Tuner assembly with tuning rod outside envelope 
(Scale. 1/16in = 1mm) 
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PENETRATION OF DOME INTO CAVITY (mm) 


Fig. 3. Variation of R., with penetration of glass dome 

The results of measurements with and without the glass 
dome present are shown in Table 1. The methods used for 
measurement of Rx, and Q are described elsewhere”. 

The results indicate that the tuning range is not appreci- 
ably affected by the presence of the glass dome, the effect 
of the glass dome being to increase the resonant frequency 
of the cavity between 10 to 20Mc/s depending upon the 
tuner position. This is shown in the tuning curves Fig. 4. 

There is a reduction in Rs, due to the presence of the 
glass by approximately 20 per cent compared with the 
empty cavity. When the tuner rod is in position however 
the glass rod preduces a reduction of only 5 per cent in Rsn. 
In fact Rs» is increased by the insertion of the tuner rod 
when the glass dome is present. 

This apparent change may be a result of the limits of 
experimental accuracy achieved; the probable error in the 
Q measurements is within 4-5 per cent and the accuracy 
of measurement of Rs» probably +10 per cent. However, 
as a similar effect is observed with tuner 2 described later, 
it is thought that the increase in Rs, caused by the insertion 
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TABLE 1 
Experimental results for tuner 1 

















CAVITY CONDITION Q Rsh 
— \———— | —— 
No tuner or dome ee ae 1900 30 000 
Glass dome in position i | 1550 24 500 
Tuner only (fully in) 1700 26 500 
Glass dome in position and | 
tuner fully in.. ’ BA 1350 =|, 25 500 
Tuning Range of Copper Tuner; Penetration 3mm 
Without glass dome ss x 2. 140Mc/s_ 
With glass dome az ins = ne 136Mc/s 








of the tuner rod when the glass dome is present is due to 
a distortion of the E field by the tuner rod. This results 
in some of the E field passing transversely: through the 
glass rod with resultant reduction in glass losses. 


TUNER 2 

In order to test the vacuum properties of the glass dome 
a tube was constructed which could be evacuated, allow- 
ing the tube to be baked as during the processing of a 
valve. 


The measurements made were similar to those made with 
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PENETRATION OF TUNER INTO CAVITY (mm) 


Fig. 4. Tuner 1 tuning range 


the first tuner, probes being sealed into the cavity in such 
a position to allow the unloaded Q of the cavity to be 
measured. Rs, was also measured as previously. After 
completion of measurement the tube was evacuated and a 
pressure of 1 x 10-° mm Hg obtained. The tube was then 
baked, the rate of temperature rise being about 60° per 
hour and maintained at a temperature of about 360° C for 
12 hours. Subsequently, the tube was taken through a 
second baking cycle, a temperature of 450° C being main- 
tained for two days, a final pressure, at room temperature, 
of 5x 10-’ mm being achieved. The glass dome withstood 
this treatment satisfactorily, no leaks or sucking in of the 
glass dome being experienced. The tuning range, Q and 
Rs» Were again measured after this processing, no changes 
being observed. The results are shown in Table 2. 

In this case the tuning range was less than that of the 
first cavity, the rod penetrating 2mm into the cavity instead 
of 3mm as previously. Within the limits of experimental 
error, discussed previously, the results confirm measure- 
ments made with the first cavity. 
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TABLE 2 
Experimental results for tuner 2 
CAVITY CONDITION Q Rsh 
~ No tuner or dome - ne 3200 | 60 500 
Glass dome in position ica 2400 46 000 
Tuner only (fully in) 2850 56 500 
Glass dome in tL anee and | 
tuner fealym.. .. 1.) 2450 Sahel __5i 000 
Tuning Range of Coppers Tuner; Penetration 2mm 
Without glass dome .. ale ss ik 62Mc/s 
With glass dome ie = eal us 57Mc/s 














An experimental two-cavity amplifier klystron with a glass 
dome tuner in the output cavity. The larger tuner on the input 
cavity is of the bellows type. 


Conclusions 

In the tuning mechanism described, the use of a flexible 
bellows system has been avoided by enclosing the inner 
rod in a thin glass envelope. While this has the advantage 
of eliminating the difficulties encountered with a bellows 
mechanism the reduction in cavity shunt impedance caused 





Communications via Meteors 


Redifon radio transmitters are being employed in a new 
communications system in which the trails of minute meteors 
are used to reflect radio messages round the curvature of the 
earth. 

This new communications technique has been developed by 
Canada’s Defence Research Board under the code-name “Janet”. 

Billions of tiny meteors no larger than grains of sand enter 
the earth’s atmosphere every hour. Each one, as it flashes 
through, leaves a long trail of ionized particles in the region 
of 60 miles up. Project “Janet” uses these trails to reflect 
v.h.f. radio waves over long distances. Experiments show that 
signals can be transmitted by this method up to 1000 miles. 

The equipment used in the technique is relatively simple. 

Each circuit employs two ground stations incorporating a trans- 
mitter and receiver and carefully aligned aerials. Tht trans- 
mitters and receivers are on continuously, but no messages are 
passed until a meteor passes the right spot in the atmosphere. 
The two receivers immediately sense the “opening” of the radio 
circuit and automatically switch on devices which feed messages 
to their respective transmitter at very high speed (approximately 
2000 words/min). Because each trail can only be used for 
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by the presence of glass in the cavity may partially offset 
this advantage. 

This, of course, is only true in a valve operating under 
conditions such that the cavity properties are important 
compared with beam loading, as, for example, in a low 
d.c. level amplifier. In this case the reduced gain resulting 
from the use of glass dome tuners would be increased by 
the addition of an extra cavity other conditions, beam 
focusing etc., permitting. 

The small change in cavity resonant frequency with 
insertion of the glass tube indicates that the losses intro- 
duced are largely dielectric and would therefore be reduced 
by the use of a lower loss glass than the Kodial glass 
employed. A suitable glass would be Dow Corning 7070 
with a loss factor approximately 20 per cent of that of 
Kodial. In this way the main disadvantage of the method 
would be largely overcome. No tests have been made with 
DC7070 glass but it is not anticipated that the use of this 
glass would involve any particular constructional problem. 

No constructional difficulties have been encountered in 
the sealing or brazing of the glass dome assembly. A 
breakage of the dome in a valve would, however, be more 
difficult to repair than a similar mishap with a bellows 
assembly. 

The measurements have been made at 3cm and it is 
thought that the use of such a mechanism at lower wave- 
lengths would be prchibited by the increasing delicacy of 
the glass work. At longer wavelengths, however, the con- 
struction would be correspondingly more robust. 

The device has been considered primarily for use in a 
low power tube. At high d.c. power levels the presence 
of stray high energy electrons would probably debar its 
use. 

The use of thin walled glass tubing in the way described 
would also be effective in a device requiring the coupling 
of two cavities, only one of the cavities being under 
vacuum. It would obviously be possible to vary the 
coupling very easily. 
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periods varying from milliseconds to a few seconds, the mes- 
sages have to be recorded and stored before transmission, then 
sent in short, fast “bursts”. The transmission speed is too 
great for standard teletype equipment and incoming messages 
are therefore also stored by special electronic equipment which 
prints them at normal speeds during the intervals between 
transmissions. 

The exceptionally high speed of the transmissions, coupled 
with the fact that hundreds of usable ionized trails are formed 
every hour between any two fixed points, permits the passing 
of many messages in a relatively short time. 

The “Janet” system has been developed to provide an 
economical alternative to the ionospheric scatter system. It 
appears to be largely unaffected by electrical and cosmic dis- 
turbances such as northern lights, electric storms etc. Further, 
the spasmodic and limited nature of the reflecting medium 
ensures a high degree of privacy. 

The fact that relatively low power can be used should show 
substantial savings in the costs of stations. Further, the aerial 
systems appear to be much simpler. 

As the system will operate in the 30 to 60Mc/s band and uses 
a bandwidth of only about 3kc/s, this will bring relief to the 
heavily over-crowded conventional h.f. band. 
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The Analysis of Three-Terminal Null Networks 


By T. H. O’Dell* 


A method of analysis is described which is particularly suitable for three-terminal networks that 
exhibit infinite attenuation at one frequency. The popular twin-T and bridged-T networks are 
analyzed as examples. 


HERE are a number of three-terminal networks such as Equation (10) leads at once to the required expressions 
the twin-T and the bridged-T, that exhibit infinite for the magnitude and phase of the output voltage. 
attenuation at one frequency. These networks are frequently a 2) 
termed null networks and are used as filters, in oscillators Vout /Vinl = iene Sec 25 (11) 
and in selective amplifiers. V[(p* + 14p* + 1)) 

The complete analysis of these networks can become very tang = [—4p/(1 — p)) 
lengthy and cumbersome by conventional methods. The j 
method described below enables an expression for the out- 
put voltage to be written down after only four simple opera- 
tions, because the symmetry of the equations used reduces 
confusion of terms and makes common factors easy to 


mee 























identify. (a) 
Vin Vour 
The Twin-T 
Consider the network shown in Fig. I(a). This is a twin- ‘ 
T network of three inductors and three resistors, the shunt 
sections are kiR and jkx»w»L, where k; and k2 are real positive 
numbers. 
Fig. 1(a) can be redrawn as Fig. 1(b). Provided the net- 
work is driven by a constant voltage generator the two (b) 
circuits are identical. An application of Thevenin’s 
Theorem to both sides of Fig. 1(b) gives Fig. 1(c) where: 
= - —_ PE See ae (1) 
bp — j Z 22 
7, — R2k:jwL + R) on f aed 
hai 25 < Sin 2 
Vin kiR “ Vout €2 () 
e I ie ee (3) 
KR + joL | 
wL(2kijR — wL) 
ax = 7 we x a (4) Fig. I(a) Twin-T network (b) Rearrangement of (a) for analysis 
. e pe (c) Application of Thevenin’s Theorem to (b) 
From Fig. l(c) it is seen that: 
ee QZ2 + eZ) (5) Where @ is the angle between the input and output volt- 
re he ~" ages. » varies from +7/2 to —7z/2, a positive angle repre- 
The substitution of equations (1), (2), (3) and (4) into Senting a phase advance and vice versa. 
equation (5) gives: The phase and output voltage functions for this particular 
fhe eaen, eeEON case are shown in Fig. 2, plotted 
(kKiR® — 2kik2w*L*R) + j(2kik2wLR® — kow*L*) ' over two decades. 


Vout Vin 3 eS = Py e-em om a SS e 
(2kxjwLR + R*Y(kiR + joL) +(2kijwoLR — wL*(R + kojwL) The other pcssible values for ki 

See ee ae ‘ and kp give just such simple results. 
For the output voltage to be zero at a frequency w» the 


s y >, ‘ 
numerator of equation (6) must be zero at wo. —— a 








Thus: 
we = GE 2h = Che IL) 2... 0.66.5 (7) & 
‘pens 90% 
eS. ta, cievaneleterctactahirelethoihn Samaanacttels (8) s 
From equation (8) it is clear that there are an infinite — 
number of possible networks that exhibit a null at a given 308 
frequency. All these networks have different characteristics. x & 0 
~ . — 2 
Consider the case when k; = kz = 4. J - s 
And let: 305" 
i NR co cia sceiccenanalen (9) = 
Then: - 
(1 — p’) 905 
Vout Vin => 7 -— . 6.66168 .6. 66 (10) 3 
(1 — p*) + 4jp 
m ee ae Feb ye baleen O14 03 10 30 10-0 
* King’s College, University of Durham. VALUES OF p = w/w. 
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For example when k; = | and kz = $: 

(1 — -p 
(1 — p’) + 3V2jp 
It can be seen by inspection of equations (10) and (13) 


that equation (10) represents a slightly sharper null than 
equation (13). The difference is, however, small. 


Vout/ Vin 2 a ELE, 299000000 (13) 


The Loaded Twin-T 


Fig. 3(a) shows a very popular network, the Wien bridge, 
that is fed from a constant voltage generator and loaded by 
the resistor Rt. 

The procedure for analysis is exactly the same as in the 
first case, but to preserve symmetry the load resistor is split 
into two halves, each of value 2Rx, in parallel. This is 
shown in Fig. 3(b). 

The application of Thevenin’s Theorem to each side pro- 
duces Fig. 1(c) again, where in this case: 


Vin 2kRR1 
































el ~ Qk RR + X2 + IR xX, ry 2kRX.) eececce (14) 
(a) 
(b) 
Fig. 3(a). Wien bridge network 
(b) Rearrangement of (a) for analysis 
a 2RiU(Xe + 2kXR) 
71 = GERR: + Xo + IKK. + DRX) 
= Vin 2ksRtXc (16) 
alan (2ksRiX¢ + R? + 2RRz + 2ksRX) hai 
eo 2 
a~ on , (17) 


(2ksRiX. + R? + 2RRxi + 2ksRX-) 
where X. = —j/wC. 


By substituting equations (14), (15), (16) and (17) in 
equation (5): 


Now equation (18) becomes: 
(1 — p’) 
(1 + 2n — p*) + j(4p + 2np) 
Equation (24) gives the required function for the magni- 
tude of the output as: 


Vout / Vin = cece (24) 





(i — p*)| 
Vita + 1) + p(l4+ lant as py 2) 


Note that equations (24) and (10) are identical when 
n = 0, i.e. when the network is unloaded. 

The function given by equation (25) is plotted over two 
decades for n = 0 and n = 0°5 in Fig. 4. It can be seen 
that the load has a marked effect upon the characteristic. 


|Vout / V in| = 





° 
oO 03 oO 30 1o-O 
VALUES OF p = w/wo 
Fig. 4. Characteristics of circuit of Fig. 3a) 
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Fig. 5. Bridged-T network 


The Bridged-T 
The circuit shown in Fig. 5 is one type of bridged-T in 


common use. 
By following the previous lines of analysis: 


ViR 
ee Soret 26) 
ar at ( 
~1/w°C? — 2jR/wC 
Sie anemia eid t's «4.0.4 ai 27 
Zi R. jloC (27) 
eS | a naa rer (28) 

















tiles an 2ksRRi(R? + 2ksXeR) + 2ksX RX? + 2kXR) -... (18) 
oust e (Xe + 2kiXeRMR? + 2RRi+ 2ksRXo+ 2ZksRiXo) + (KR? + 2WksKoRMXe+2XRi+2AXR+ ARR 
Thus for null: eS ee (29) 
wo? = (1/2ksC?*R*) = (2ks/C*R’) ........ (19) 
GE yA AI (20) Substitution in equation (5) gives 
Again there are an infinite number of ; . 
possible networks for all the values given (RR: — 1/w°C*) + (wLR — 2R/0C) . (30) 


Vou Vin = 
for ks and k, by equation (20). ad 


(RR: + L/C — 1/wC) + j(wLR — 


2R/wC — Ri/wC)” 





As the expression given by equation 
(18) is dimensionless, equation (18) can be expressed in 
terms of dimensionless parameters in the same way as 
equation (6). Two parameters will be needed, let these be: 


p= (w/ wo) eee ee ree eee ee (21) 

PR MEENED) sec ob oweusences (22) 
And let: 

Pee Ee vccscscsavncake (23) 
SEPTEMBER 1956 (1) 


Thus for a null at wo: 
at = (1/CRR) = (2/E0) ........4- (31) 
From equation (31) any one of the four components L, 


C, R, or Ri, may be put in terms of the other three. 
Thus: 
Ei a FEE oscnapossesuwaws (32) 
Let p = (w/wo) 
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Fig. 6. Characteristics of circuit of Fig. 5 


and a = (R:/R). 

Then: 

__ =? 

-i- ve" 
Equation (33) shows that a bridged-T network of this 

type is very versatile because the value of a can be 


varied over a wide range. By inspection it can be seen that 
the null becomes sharper as a is reduced. Fig. 6 shows the 


Vout / Vin = 


response of the network over two decades for a = 1-0 and 
a=01. 


Design Considerations 

In the design of a network of the twin-T type advantage 
can be taken of the type described, in which ki = 1-0, 
k, = 4, or vice versa. In this case three of the six com- 
ponents are identical and this will reduce the cost of a vari- 
able network. The additional sharpness obtained from a 
symmetrical type is, for many purposes, too small to be of 
importance. 

In the bridged-T, of the type described, the parameter a 
can be varied over a very wide range. It is possible to 
reduce the value of a below 10~* by using an inductor of 
high Q factor, and this will result in an extremely sharp 
null. 

The effect of stray capacitance can be minimized by 
making the resistors in a network as low as possible. In the 
twin-T, and to a lesser degree in the bridged-T, the com- 
ponents can be varied in proportion to one another with 
no change in theoretical performance at all. 





ERNIE 
(Electronic Random Number Indicator Equipment) 


In the Government’s “Premium Savings Bonds” Scheme, 
which starts next November, it is necessary to make a draw 
each month to determine the prizewinners and, due to the 
large numbers that are likely to be involved it has been 
decided that the only feasible method of making the draw is 
by electronic means, For this purpose an Electronic Random 
Number Indicator Equipment (ERNIE) has been evolved. 

The Electronic Random Number Indicator Equipment was 
designed and will be built at the Post Office Engineering 
Research Station to meet the following operational require- 
ments : — 


(1) Each number will contain 9 digits; 


(2) Each 9 digit random number will be associated with a 
5 digit sequential draw number; 


(3) The second and third digits of the random number will 
be alphabetical characters, this means that for the second 
digit, counting must be in a scale of 23 (I, O and U are 
not used), for the third digit only ten letters will be 
used so that counting can be arranged as for the 
“numerical” digits; 

(4) The final output of the equipment will be presented on a 
page-printing teleprinter and also on gummed tape; 


(5) Associated with the equipment will be a distributor which 
will automatically route each random number to the 
appropriate one of a maximum of 20 teleprinters located 
at suitable points where the numerical registers of bonds 
are kept. 


The starting point for the generation of each random digit is 
a source of electrical noise. That used is a gas discharge tule 
containing neon. When an electrical potential is applied to such 
a tube a discharge occurs which is manifest in a visible glow. 
In the tube the gas molecules move about in a random manner. 
The current which arrives at the anode consists of electrons 
whose passage through the tube has been subject to collision 
with the molecules of gas. They therefore arrive in varying 
numbers from instant to instant, this giving rise to random 
variations of current which can be detected by a suitable 
amplifier. By the use of a “slicing” valve it is possible to 
neglect the preponderant number of changes which are of 
low amplitude and to amplify and “ square up” the remainder 
to operate a counter. In the noise generator the slicing level 
is such that about 3 000 such “ squared up ” pulses are recorded 
every second. 

The number of pulses received by the counter in any one 
period will vary over wide limits, but there will be some 
average number and numbers near this average will occur more 
frequently than much smaller or much larger numbers of 
pulses. If the average number is large enough, as it is under 
the conditions of counting in the equipment, the number of 
pulses counted will terminate in the digits 0, 1, 2 up to 9 with 
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equal frequency, subject to the conditions stated in the follow- 
ing paragra 

If the counter started from zero every time, the digits pro- 
duced would not—in theory—be equally likely, even though— 
in practice—the differences would be negligible. The digits 
can, however, be made equally likely by having different start- 
ing points for the counter and arranging that all starting points 
occur in the same proportions. There are various theoretically 
satisfactory ways of doing this, of which the most convenient 
is simply to start the counter from where it was left at the end 
of the previous count. 

The foregoing description relates to the production of a suc- 
cession of random numbers, or letters, relating to one digit of 
the Bond number. In the complete equipment 9 sets of noise 
generators will drive 9 separate counters, one for each of the 
9 digits. Eight of these counters read from 0 to 9 and one, in 
order to meet the requirements of the “alphabetical” digit, 
reads from 0 to 22. The counters are stopped simultaneously 
at fixed intervals. After the counters have been read the noise 
generators are allowed to drive the counters again. The counters 
move on from the position in which they were left so that 
the theoretical requirements are satisfied. 

In order to safeguard the randomness of number generation 
and in order to ensure that there is no correlation between 
individual digits of the 9 digit number, each digit will be 
generated separately as already stated. To safeguard the pos- 
sibility of any failure, each generator together with its asso- 
ciated counter, is provided in duplicate. The two counter out- 
puts thus obtained will be added in combining units having 10 
outputs. This safeguards the possibility of bias appearing in 
the number presented at the output due to a fault condition 
in one of the electronic tubes used for counting. 

The outputs from the 9 combiners are transferred to primary 
storage equipment from which they, together with the fixed 
codes (figure shift, letter shift, line feed, carriage return and 
spaces) needed for the printing of the number on a teleprinter 
are assembled and scanned and fed to the teleprinters together 
with the sequential draw number. 

A separate master pulse generating unit will provide the basic 
timing signals which start and stop the counting and control 
the teleprinters. The signals from the output stores will be 
released at a rate of about one every three or four seconds into 
the teleprinter distribution network. 

In order that ineffective search time may be reduced to a 
minimum, arrangements are incorporated in the primary number 
storage for the inhibition of random numbers generated above 
a certain value, i.e., corresponding to ranges of bonds not yet 
offered for sale. This value can be pre-set for each of the 23 
denominational codes separately. This “inhibitor” will be 
adjusted immediately before each draw on the basis of the 
maximum number of bonds sold in any particular denomination. 

The equipment will also examine the first two digits of each 
number and as a result of that examination select and route the 
information to the appropriate one of a number of teleprinter 
stations located at the points where the numerical registers of 
Bonds are kept. 
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Characteristics for Half-Wave Rectifier Circuits 


By H. A. Enge*, Dr.Philos. 


Voltage regulation characteristics, form factor, first harmonic, and peak current values are given for 
half wave rectifiers with common type loads. All in non-dimensional variables. 


ALCULATIONS of currents and voltages in rectifier 
circuits are too tedious to be carried out for every 
individual design. For simple circuits the number of para- 
meters is fortunately so low that results of general validity, 
once obtained, can be presented in the form of curves. 
The main purpose of this article is to give such curves 
for half-wave rectifier circuits with resistive, inductive and 
battery load. A sufficiently large, externally loaded capa- 
citor can also be regarded as a battery in this connexion. 
The variables used are non-dimensional. Hence the results 
can be used for predicting characteristics for high power 
as well as low power half-wave rectifiers. 


Rectifier Elements 
The rectifier element is the non-linear circuit element that 
accomplishes the rectification (e.g. selenium rectifier, 
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Fig. 1. Rectifier element characteristic and equivalent diagram 


vacuum tube etc.). The most important properties of the 
rectifier element are exhibited through the element charac- 
teristic giving instantaneous current as a function of voltage 
across the element. 

Most rectifier elements have characteristics which to a 
good approximation can be represented by the curve in 
Fig. 1(a). An equivalent diagram of such an element is 
shown in Fig. 1(b). The double arrow symbol is used to 
designate an ideal electric valve, i.e. a valve which offers 
No resistance against a positive current in direction of the 
arrow and infinite resistance against a current in the oppo- 
site direction. The relationship between voltage drop and 
current through the element in this idealized case is: 


i=0 for vr = er 


Vr — € 
for vr > ér 





i= 

Selenium and copper oxide rectifiers both have element 
characteristics that come quite close to the one in Fig. 1(a). 
For most selenium rectifiers e; is approximately 0-SV per 
plate and r, is of the order of 100-cm? per plate. The cor- 
responding numbers for copper oxide rectifiers are of the 
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order of 0:2V and 50-cm’. 

Gas-filled hot cathode rectifiers have almost constant 
voltage drop when conducting, corresponding to r;~ 0. 
The constant voltage drop is of the order of e,~ 10 to 
15V. 

The characteristics of vacuum tube rectifiers follow 
approximately a power law, i = kv*. Even such a simple 
relationship between current and voltage drop would intro- 
duce considerable difficulties in the calculations unless the 
exponent a were equal to unity. One is thereby lead to try 
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Fig. 2. Half-wave rectifier circuit 
(a) Wiring diagram, (b) equivalent diagram, (c) components combined 


the relationship (1) also for vacuum tube rectifiers. The 
characteristic for one section of the valves 5Y3, SY4, or 
80 for instance, can be approximated by equation (1) with 
er = 10V and r, = 4009. (For other characteristics see 
Reference 2, page 1171). 


Half-Wave Rectifier Circuit 

Fig. 2(a) shows a half-wave rectifier circuit with a load 
consisting of an inductor, a resistor, and a battery in series. 
The battery can be replaced by a large externally loaded 
capacitor. The circuit generalizes the following common 
cases : 

(1) Battery charging. Usually the load inductance is then 
zero (or negligible). 

(2) Pure resistive load Li = 0 and E; = 0. 

(3) Inductive load. E; = 0. 

(4) Rectifier with large input filter capacitor. If re is 
the total external load resistance across the capacitor 
(including resistance of filter chokes etc.), the load “ electro- 
motive force” is: 
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Ei = Ire WrTTuLLreli Tre (2) 
Here / is the direct current in the circuit. For further calcu- 
lations, the capacitor and external load is replaced by a 
battery of e.m.f. given by equation (2). This can be done 
only when the time-constant of capacitor and external load 
circuit is considerably larger than one cycle of the line 
voltage, or: 

Pel cone diateesdatecan a orem (3) 
where f is the frequency. Special cases for which this con- 
dition is not fulfilled to an adequate degree have been 
treated in the literature’. 

Fig. 2(b) shows the same circuit as Fig. 2(a), but equiva- 
lent diagrams have replaced the transformer and rectifier 
symbols. The magnetizing impedance Zm constitutes a 
circuit of its own. It is assumed to be directly connected 
to the input and hence can be disregarded in the further 
treatment of the rectifier circuit. The input voltage in the 
equivalent circuit is the open-circuit secondary (r.m.s.) 
voltage of the transformer: 

eS ar (4) 
where Vy is the primary (line) voltage and N; and Nz are 
the numbers of primary and secondary turns. 

The equivalent series resistance and “ leakage” induct- 
ance of the transformer are those measured at the secondary 
terminals with the primary short-circuited or: 

re = Tp (N2/ Ni)? + ra = Mp’ + Ta occ ccces (5) 

L, = L,(N:/Niy’ + = 2,’ +2, ...... (6) 
Subscripts p and s stand for primary: and secondary respec- 
tively, and the primes indicate so-called reduced values. 
The total leakage inductance L; of the transformer is much 
easier to calculate or measure directly than are the quantities 
L, and L;. Hence equation (6) is ordinarily: unimportant. 

It has been assumed that the primary of the transformer 
is directly connected with an a.c. power line with negligible 
internal resistance and inductance. If this is not the case, 
any series resistance and inductance in the primary should 
be included in r, and Ly». 

The equivalent diagram given here for the transformer 
is commonly used for ordinary a.c. circuits. In rectifier 
circuits it should be used with caution, however. It is well 
known that in a half-wave rectifier, the d.c. component 
flows only in the secondary circuit. The primary ampere- 
turns match the secondary: ampere-turns except for this d.c. 
component. By transforming r, over to the secondary 
circuit, one therefore introduces an error which is usually 
quite small, however. It will be shown in a separate section 
below how it can be corrected for. 

The unbalance in ampere-turns also tends to saturate the 
magnetic core, unless this effect is considered when design- 
ing the transformer. 

The various components in Fig. 2(b) are combined in 
Fig. 2(c), where the circuit elements are: 


es Be OE oss isk <ouacme (7) 
L=+ 1, ee ee (8) 
UN a as eee (9) 


The transformer resistance and inductance are given by 
equations (5) and (6). The expression for E will be modi- 
fied below when the r,-correction is introduced. 

Now, assume that the input voltage and frequency is 
given and also the quantities R, L and E. The instantaneous 
current as a function of time is sought. 


Instantaneous Current, Ignition Angle and Extinction Angle 
The differential equation for the circuit in Fig. 2(c) is: 
V2 V sinwt = Ri+ L(di/dt)+E...... (10) 

when the rectifier is conducting. The angular frequency is 
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w = 2xf and V is given by equation (4). In the nonconduct- 
ing part of the cycle, equation (10) should be replaced by 
i = 0, of course. 

It is convenient now to introduce the ignition angle 2. 
This is the value of wt that makes the increasing input 
voltage equal to E, the opposing e.m.f. on the other side 
of the rectifier. 


Ce ie!) (11) 

When wt passes the value wt = a, the circuit starts con- 

ducting. The instantaneous current is thereafter given by 

the solution of equation (10) for a fraction of a cycle 

until the current again reaches zero. This happens at 

another angle wt = 8, the extinction angle, which is 
discussed below. 


th V(2).Vsinwt 
v 





‘ \ 
ie) i A \ 
” e / | | . wt 
, ££ # 
ee Be ae ES. eer 





/ a= YADLY tang. cos(a-4).exp(E-*¢) ce 
r b= MOLY sin(we-$) 


# — 
co MOY ne sf 





Fig. 3. Current in rectifier circuit with ignition angle ~% = 12° and phase 
angle ¢ = 60° 


The general solution of equation (10) is fairly simple but 
still not very well suited for further treatment when R = 0 
or L = 0. Therefore, these two cases are treated separately 
after the general case. 

GENERAL CASE: R > 0 and L > 0. 

The complete solution for equation (10) is for the 

conductive region «< wt < BP: 


a2 — wt 
i= (v2¥ /2)| tan 9 co - #)-x( tan 3 








+ sin (ot -9) ~ S2*}... 02 
where Zim. VP PT): ccc cee ces (13) 
CO ee GIR) 202s cas ccccscese (14) 


In obtaining this solution V2V sina is substituted for E, 
and the integration constant is found by making use of the 
initial condition: i = 0 when wf = «. 

Fig. 3 shows as an example the instantaneous current 
versus the time angle wt when the ignition angle is 12° 
and the phase-angle is ¢ = 60°. It is shown how the instan- 
taneous current function is built up of the three terms in 
equation (12). The first term a, is what is usually called 
the transient term in ordinary a.c. circuits. In the present 
case this term is not any more transient than the other 
terms because it reappears with full strength every cycle. 
The second term, b, is the familiar stationary sinusoidal 
current lagging the voltage by: an angle ¢. The last term, 
c equal to E/R, is the direct current due to the opposing 
e.m.f. in the circuit. 
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The extinction angle 8 can be found as the value of wt 
between « and 27 + « that makes the expression (12) equal 
to zero, i.e. 8 is given implicity by: 








a— é sin « 
tan @ . cos(a — ¢) . exp ime + sin(B — 9) — ae 
=@.. (15) 


The extinction angle is seen to be a function of the given 
quantities « and @ only. Numerical solution for 8 from 
equation (15) have been obtained for « = 0°, 15°, 30°, 45°, 
60°, 75° and 90° combined with @ = 15°, 30°, 45°, 60°, 
75° and 85°. In Fig. 4 the extinction angle has been plotted 
versus the ignition angle « for a few values of the phase 
angle 9. 
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HypoTHETICAL CasE: R > 0 and L = 0. (¢ = 0) 


Strictly speaking neither this case nor the next one can 
be realized in practice. When the leakage inductance of 
the transformer is very low and there is no load inductance, 
the case under discussion may be a quite good approxima- 
tion, however. For L = 0 the solution of equation (10) is: 


i = (V2V/R) (sin wt — sina) ........ (16) 
and the extinction angle: 
ER Hh sc diesen esses (17) 


HyporHeTIcAL Case: R = 0 and L > 0. (¢ = 90°) 

The solution of equation (10) for this case is: 

i= (V2V/wL) [cos « — coswt — (wt — a) sina] .. (18) 
and the extinction angle is given by: 

cosa —cos6 —(8 —a) sina =0...... (19) 

Average Current (D.C.) Load Ratio 

The average current in the circuit can be found by inte- 
grating equation (12) from wt = « to wt = B and dividing 
the result by 2x. However, it is simpler to integrate equa- 
tion 10 as follows: 


B 
I = (1/27R) f(v2v sin wt — L (di/dt) — E) d(wt) 


This integration is straightforward. The result is: 
IR/V2V = (1/27) [cos« — cos B — (8 — a)sina].. (20) 
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Instead of the direct current /, it is more convenient to 
operate with the non-dimensional ratio JR/V2V which 
may be called the load ratio. 

As stated above, the extinction angle £ is a function of 
x and @. Hence the load ratio is also a function of the given 
quantities « and 9: 

oS ies gi)” Ea ee (21) 
Making use of the numerical solutions for ~, a table of 
load ratios has been obtained for the values of « and @ 
mentioned in the previous section. Graphic interpolations 
have yielded load ratios also for other values of ¢. The 
final result is presented in Fig. 5 which gives sin « versus 
the load ratio for several values of the phase angle ¢. The 
curves give in relative measure E as a function of J and 
are thus the sought voltage regulation characteristics. 
Because of the non-dimensional form of the variables, the 
graph has general validity for all possible values of the 
circuit parameters except negative E-values. 

The average current in a circuit where R = 0 is found 
by integrating equation (18). After rearrangements and use 
of equation (19) one finds: 

Gah Vary SRE — eel 
47 sin « 
Equation (22) is of interest only for calculating form factor 
etc. for ¢ = 90° as a hypothetical limit case. 


Correction for Lack of D.C. in Transformer Primary 

As previously mentioned, an error is introduced into the 
calculation when the resistance of the primary circuit is 
“reduced” to the secondary or rectifier circuit (Cf. equa- 
tion (5)). When the resistance of the primary is small, the 
error is also small and can usually be neglected. In other 
cases, however, it may be necessary to correct for the error 
made, and this can easily be done as follows. 

It has been assumed that in the circuit of Fig. 2(b) there 
flows a current composed of the direct current J and a 
superimposed alternating current. The truth is that the a.c. 
component flows through the whole circuit and the d.c. 
component flows through the whole circuit except part of 
the transformer resistance r:. In other words, into the 
calculations has been entered a constant voltage drop Ir,’ 
that does not exist. The curves of Fig. 5 together with 
equation (9) hence yield a too low output voltage (load 
voltage E:) for a given value of the direct current J. Equa- 
tion (9) should therefore be replaced by: 

B= Bi + @ — TFs ok. ccccc cscs (9a) 





for @ = 90° .... (22) 


Form Factor 
The effective or root mean square value of the current 
flowing through the rectifier circuit (not the transformer 
primary) is given by the following integral: 
B 


P= (1/27) f ee (23) 


The form factor is the ratio between the r.m.s. value and 
the d.c. value: F = J/J. The integral (23) is evaluated most 
easily by making use of equation (10) multiplied by 7. The 
resulting formula for the square of the form factor is: 

F*? = (V2V /IR) [V(2V/IR)\(cos ¢/2z) (S sin @ + 
T cos #) — sina] (24) 
where the load ratio is given by equation (20) and: 


B 
S= (sin wt — sin 2) COS wt d(wt)=4(sin 2—sin 8)? .. (25) 


B 
T= f (sin wt — sina) sin wf d(wf) = 4(8 — «) + 


sina cosB — tsin2z — 4sin28.... (26) 
The above equation for the form factor cannot be used 
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for « = 90° (R = 0). A similar formula is obtained, how- 
ever, for this case by substituting equation (18) into equa- 
tion (23) and by use of equation (22). 

For values of sina close to unity, equation (24) is not 
very well suited for numerical calculations. Power expan- 
sions yield the following approximate formulas, valid when 
(n/2) —2<1: 


6x . 
Fall aary—a] ™* ~° 


32% . 
F=4|[ sara) #- 


Equation (27) is correct within 1-5 per cent in the whole 
region of « from 0 to 7/2. 


FORM FACTOR F 
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Fig. 6. Variation of form factor with sin 


The form factor has been plotted in Fig. 6 versus sin « 
for ¢ = 0°, 30°, 60°, and 90°. 

In the primary circuit of the transformer the r.m.s. value 
of the current is: 

Jp = (N2/Ni) V(J? — P) = (Nol/Ni) V(F? — 1) .... (29) 


First Harmonic of the Current 

When the load in the rectifier circuit is of the type indicated 
in Fig. 2(a) to the right, there is always a ripple on the voltage 
across the capacitor. Unless this ripple voltage is small, the 
calculations carried out above are not valid. 

When the inequality (3) is fulfilled to an adequate 
degree, the approximate magnitude of the first harmonic 
of the ripple voltage is: 

Var = (i/wC) (30) 
Here J; is the r.m.s.-value of the first harmonic of the recti- 
fied current. It can be expressed as: 





Pe eee (31) 
where: 
B V2V_ cos@ 
a, = (1/7) f £08 wt d(wt) = —.— . ——(S cos @ — T sin 9) 
ae a PT ee PP eed ae Tae (32) 
B 9 
bi = (1/7) { isin wt dwt) = et (S sin + T cos ¢) 


ae ee (33) 
The integrals § and T are given by equations (25) and (26). 
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It is convenient to give the ratio between the r.m.s. of 
the first harmonic and the direct current. This is: 
hy = (Ji/D) = (V2V/IR) (cos / V2z) V(S* + T°) 


This relative first harmonic has been plotted in Fig. 7 
versus sin « for ¢ = 0°, 30°, 60°, and 90°. 


Peak Forward Current 

For some types of rectifier elements the peak forward 
current must stay below a certain upper limit. For a specific 
design it is therefore important to be able to compute this 


EFFECTIVE FIRST HARMONIC 
DIRECT CURRENT 
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peak value. It is found, of course, as the maximum of the 
time function of the instantaneous current. Only two cases 
have been considered here, namely ¢ = 0 and ¢ = 90°. 
The instantaneous current functions are given by equations 
(16) and (18) respectively. 

The ratios between the maximum current and the direct 
current for the two cases are: 
imax/] = (V2V/IR) (1 — sina) for ¢ = 0 (35) 
imax/I = (V2V /IwL) (2cosa+22sina—a sina) for ¢=90° 

Seibel (36) 

For values of sin « close to unity equations (35) and (36) 
are not very well suited for numerical calculations. Power 
expansions yield the following approximate formulas valid 
when (7/2) — «<1: 


3x 
imax /[ ~~ ——_——_—— oe eer 7 
imax/I aa/2) — a] for ¢=0 (37) 
, 322 , 
imax | I = 27(=/ 2) we 2] for o == 90 coeeee (38) 


The two peak current ratios are plotted in Fig. 8 versus 
sin a. For any intermediate value of ¢, the ratio lies between 
the limits given by the two curves. 


Peak Inverse Voltage 
The maximum voltage across the rectifier in the non- 

conducting part of the cycle is: 
max = V2V + E 
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Example 


A selenium rectifier in a half-wave rectifier circuit with 
capacitor input filter shall deliver 50mA to the load. 


Transformer data: V = 350V, rs = 1200, L; = 0-16H 
V> = 220V, rp = 300, vr,’ = 760. 

Selenium rectifier data: e- = 15V, rr = 1002. 

Line frequency: f = 50c/s. 

Capacitor: C = 32uF. 


S.H.F. Radio System for Switzerland 


The Swiss Posts and Telegraphs Dept has recently placed an 
order with Standard Telephone et Radio S.A. Zurich, for S.H.F. 
Radio Equipment, to link Berne with Geneva, providing 600 
telephone circuits over a single radio channel, with facilities 
for future extensions. 

The equipment will be designed and manufactured in England 
by Standard Telephones and Cables Limited (associated with 
Standard Telephone et Radio S.A. Zurich) and will comprise 
terminals at Berne and Geneva, with a repeater station at 
Chasseral. 

The transmission path lies over mountainous country, and 
the section Chasseral-Geneva is some 70 miles (112 km) long. 
This will be accomplished with the Standard S.H.F. system in- 
corporating the newly-developed Standard 5W travelling-wave 
amplifier 

The equipment will comprise a system equipped initially with 
one working and one space r.f. channel for 600 telephone cir- 
cuits, i.e., ten supergroups. Normal expansion will enable this 
to be extended to six rf. channels in the band 3 800-4 200 
Mc/s, and if necessary additional channels can be added in the 
band 3600-3 800Mc/s. These additional r.f. channels can be 
used for further telephone circuits or for television links. The 
frequency division channelling equipment used will provide 
facilities for “through-group” and “through-supergroup” work- 
ing with other systems, e.g. a standard coaxial or radio system. 

At the terminal stations, the equipment for each radio fre- 
quency channel will consist of transmitter and receiver cubicles, 
the transmitter being equipped with a travelling-wave amplifier 
which will deliver an output of SW to the aerial system. 

In the case of the repeater station, two one-way SW repeaters 
will be required, each consisting of one cubicle mounting the 
transmitter and receiver 
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Compute: (a) The d.c. voltage across the capacitor, 
(b) the effective current values in transformer primary and 
secondary, (c) the first harmonic of the ripple voltage across 
the capacitor, and (d) the maximum instantaneous forward 
current in the circuit. 


Total resistance: R = ry’ + rs + rr = 2960. 


. 0-05 x 296 
Load ratio: IR/ V2V = an 7 0:0299 
_, (27 x 50 x 0-16 " 
Phase-angle: » = tan 296 = 9-62 


(a) From Fig. 5 one finds sin « = 0-780, which gives: 
E = V2V sina = V2 x 350 x 0-780 = 386V 
(9a) yields: Ei = E —e-+ Ir’) = 386-15 + 
3-8 = 375V 
(b) From Fig. 6 one finds F = 2-37, which gives: 
J = FI = 2:37 x 50 = 118-5mA, and 
Jp = (N2/Ni) I V(F? — 1) = (350/220) x 50 x 
V (2:37? — 1) = 171mA. 
(c) From Fig. 7 one finds J:/7 = 1-34, which gives: 
1:34 x 0-05 
x 50 x 32 x 10-° 
(d) Finally, from Fig. 8 one finds imax/J = 7:0 (approx.) 
which gives imax = 7:0 x 50 = 350mA. 
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Radio-Telephone Terminal Equipment 


The problem of reducing the amount of radio-telephone 
terminal equipment required at exchange centres serving a 
number of out-station links, so that as little as possible remains 
idle for any length of time, is one that faces many overseas 
administrations. 

Although the radio-telephone is often the only means of 
communication, the cost of providing separate v.h.f. links from 
a township to a number of surrounding settlements, is frequently 
prohibitive. 

To meet this need, a new system known as A.S.A.C. (Auto- 
matic Selection of Any Channel) has been introduced by 
Automatic Telephone & Electric Co. Ltd., which more than 
halves the cost of terminal equipment, while at the same time 
providing normal exchange termination for each sub-centre, 
with no loss of secrecy. 

Designed for use at exchange centres serving up to six 
v.h.f. radio links, A.S.A.C. consists of an automatic selection 
device which searches subscribers’ links continuously by means 
of crystal switching, until a call is originated. The equipment 
can be used in conjunction with any type of exchange—either 
manual or automatic. 

Using duplex working, separate transmitter-receiver units 
are normally required for each end of a link, but by employing 
the A.S.A.C. system only two sets are needed at an exchange 
to serve six outstations. This enables two calls to be handled 
simultaneously, or alternatively a call via the exchange between 
two outstations. 

Once a channel is taken into use, the searching arrangement 
is transferred to the second equipment, the engaged channel 
being by-passed during searching. A forced release feature is 
available to prevent the system being held indefinitely by one 
caller during busy periods. 
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Short News Items 


The National Institute of Agricultural 
Engineering held Open Days at Silsoe, 
Bedfordshire, on 25 and 26 July. Most 
of the exhibits were of a static nature 
but a number of machines and imple- 
ments at varying stages of development 
were seen at work. 


The British Thomson-Houston Co. 
Ltd recently held the third Summer 
School in Electrical Engineering. Ap- 
proximately twenty engineers and 
scientists, each a specialist in his subject, 
lectured on the latest developments in 
electrical engineering research, design 
and manufacture. Visits to works and 
laboratories and a tour of the BTH 
works at Blackheath, Birmingham, were 
included. 


Anglo-German Atomic Energy Agree- 
ment. An agreement between Her 
Majesty’s Government and the Govern- 
ment of the Federal Republic of Ger- 
many for co-operation on the peaceful 
uses of atomic energy was recently signed 
in London. Under this agreement, the 
Federal Republic of Germany may 
obtain, on terms to be agreed, research 
reactors and the necessary fuel elements, 
and unclassified information on topics to 
be agreed concerning the design, con- 
struction and operation of these reactors. 


Marconi’s Wireless Telegraph Co Ltd 
have supplied nine of their Type BD.262 
series of 20kW h.f. broadcasting trans- 
mitters, together with ancillary equip- 
ment, for the South African Broadcast- 
ing Corporation’s broadcasting station at 
Paradys in the Orange Free State. 
Marconi engineers are assisting with 
final adjustments on site but most of the 
installation is being carried out by 
S.A.B.C. personnel. 


Pye Electric Ltd has been formed as 
a company to develop and manufacture 
electrical equipment for the home and 
export markets. Preparatory work has 
been proceeding for some years and it 
is hoped that an announcement will be 
made within the next few months on 
the range of appliances to be covered. 


The Convention of the _ British 
Amateur Television Club will be held at 
the Bonnington Hotel, Southampton 
Row, London, W.C.1 from 10 a.m. to 
7 p.m. on Saturday 27 October. Tickets 
will be on sale at the door, or may be 
obtained in advance from Mr. D. S. Reid, 
4 Bishop Road, Chelmsford. (Members 
3s 6d, non-members 5s.) 
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The London Audio Fair 1957 will be 
held from 12-15 April at the Waldorf 
Hotel, Aldwych, London, W.C.2. The 
scope of the 1957 exhibition will be 
extended to provide facilities for a larger 
number of exhibitors than this year. The 
dates have been chosen so that the Fair 
follows the R.E.C.M.F. Exhibition. 


The next meeting of the Electro- 
Physiological Technologists’ Association 
will be held at the London Hospital on 
15 September. 


The Radio Industry Council announce 
new export records for British radio, 
television and electronic equipment, both 
for June and for the first six months 
of 1956. Sales for June, totalling £3-57 
million were £170000 higher than those 
for May, which had set up a new record. 
The total for the first six months of the 
year is now £19-17 million compared 
with £15-60 million for the first six 
months of last year. 


The Guild of Air Traffic Control 
Officers are holding a Convention at 
Southend-on-Sea on 4 and 5 October. 
The main objective of the Convention 
is to bring together those who use the 
services provided by air traffic control, 
those who manufacture the concerned 
equipments, and those who actually 
operate the air traffic control services. 
Further details and programme can be 
obtained from the Clerk of the Guild of 
Air Traffic Control Officers, 118 Mount 
Street, Berkeley Square, London, W.1. 


At the Annual General Meeting of the 
Scientific Instrument Manufacturers’ 
Association, the retiring President, Mr. 
C. E. T. Cridland, installed his successor, 
Mr. G. A. Whipple, in the chair for the 
year 1956-57. Mr. Whipple is the chair- 
man and managing director of Hilger & 
Watts Ltd. 


Wembley Evening Institute, Copland 
School, High Road, Wembley, Middle- 
sex, will be holding classes to prepare 
candidates for the City and Guilds Radio 
Amateurs’ Examination. The classes will 
be held on Monday and Thursday even- 
ings. Enrolment will be at the school 
from 10-13 September between 7 and 9 
p.m. and the classes will start during the 
week beginning 17 September. 


Battersea Polytechnic have organized 
two courses of lectures in Microwave 
Physics for the forthcoming session, on 
the Theory of Microwave Circuits, and 
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Techniques and Measurements at Micro- 
wave Frequencies respectively. Enrol- 
ment forms may be obtained from 
the Secretary (Microwave Techniques 
Course), Battersea Polytechnic, London, 
S.W.11. 


Norwood Technical College announce 
that the next full-time course in Radar 
for the Ministry of Transport Radar 
Maintenance Certificate will begin on 12 
September and prepare for an examina- 
tion to be held in early December. The 
next part-time course begins on 24 Sep- 
tember and requires attendance on 
Monday and Tuesday evenings from 
6.15 to 9.15 p.m. Two years’ attendance 
is required on this evening course if a 
Ministry of Transport Maintenance 
Certificate is to be obtained. Details 
may be obtained from the Head of the 
Telecommunications Engineering and 
Radio Department, Norwood Technical 
College, Knight’s Hill, West Norwood, 
London, S.E.27. 


The Northern Polytechnic have issued 
a prospectus for the 1956-57 session. 
This includes full-time and part-time day 
and evening courses in radio telecom- 
munications, electronics, television and 
radar. Details of these particular courses 
may be obtained from the Head of the 
Department of Telecommunications, The 
Northern Polytechnic, Holloway, Lon- 
don, N.7. 


Erratum. The following amendments should be 
made in the article entitled “Electronic Methods 


of Analogue Multiplication’’ (Part |! by 
Czajkowski, which appeared in the July issue 
They relate to the paragraph under the heading 


Crossed Field Multipliers on Page 236. All sym- 
boils X and Y are interchanged in the paragraph 
in question. Small letters x and were meant 
to be used to indicate the x and y axis in the 
piane of the screen whereas X and Y should be 
used to indicate the variables to be muitiplied, 
in agreement with the rest of the article. The 
Paragraph in question should read as follows. 

This ingenious device** makes use of the laws 
which govern the movement of the electrons in 
a combined electromagnetic and magnetic field. 
Fig. 7 illustrates the principle. The beam of 
electrons passes between the y-piates of a 
cathode-ray tube to which a potential proportional 
to the voitage Y is applied. Therefore the velocity 
of electrons in the y-direction will be 


V. = kY¥ 


A coil is arranged on the neck of the tube so 
that the lines of magnetic field are parallel to the 
axis of the tube. The current 7 through this coil 
is proportional to the second variabie X. The 
magnetic field A will, therefore produce a 
deflexion in the x-direction proportional to: HV, 
i.e. to XY. The electron beam produces a spot 
on the fluorescent screen, half of which is covered 
with a mask with a straight edge along the y-axis 
A Photocell is arranged in front of the tube face 
and feeds an amplifier in such a way that the 
balanced conditions are obtained with only haif 
of the spot visible above the mask. The output 
of the amplifier is connected to the x-piates. 
When sufficient voltage is applied to reduce the 
x-deflexion back to zero, this voltage will be 
Proportional to the deflexion produced by the 
magnetic field, i.e. to the product X.Y 

The arrangement of the deflexion piates in Fig 
7 is in agreement with this description but the 
edge of the mask appears along the x-axis and 
not y-axis which is an error 
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LETTERS TO 


THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


A.C. Voltage Stabilizers 


Dear Sir.—In connexion with Dr. F. A. 
Benson’s article on a.c. voltage stabilizers, 
(June 1956, issue) our experience of 
tungsten-filament diodes, which we use 12 
a number of our automatic voltage 
regulators, may be of interest to your 
readers. 

Some years ago the A2087 tube was 
selected by our electronic engineering 
department for use in our a.c. voltage 
stabilizers, after very extensive tests at 
different emission currents. At an 
emission current of approximately 100“#A 
the valve has a calculated life of well in 
excess of 40000 hours. A batch of six 
valves has now been on continuous life 
test for nearly two years without a single 
failure. After careful ageing the emission 
is a very stable function of heater voltage, 
and remarkably free from random 
variations. 

In order to ensure this very high 
degree of stability, it is however essential 
to eliminate all possibilities of variable 
contact resistance from the filament 
circuit, e.g. it has been found necessary 
to spot-weld flying leads to the pins of 
the valve, and solder these directly into 
the circuit, 

All valves are carefully tested and any 
showing instability due to light tapping, 
or excessive drift during the ageing 
process, are rejected. At one time, a high 
percentage of these -valves had to be 
rejected. 

A special tungsten filament diode has 
now been developed for us. Quantity 
deliveries show complete freedom of drift 
due to mechanical shock, and tests carried 
out during the last six months indicate a 
still higher long-term stability. When 
sufficient data is available the results of 
our tests will be published. 


Yours faithfully, 
CLAUDE L. LYONs, 


Claude Lyons Ltd., 
Hoddesdon, 
Herts. 


The authors reply : 


Dear Sir.—We wish to thank Messrs. 
Claude Lyons for their interesting letter. 

The variable contact resistance between 
valve pin and valveholder is a source of 
trouble with these valves which we have 
experienced, especially with paxolin 
valveholders. In this respect, the A2087 
valve is at a disadvantage compared with 
others, since each end of the filament is 
brought out to only one pin, compared 
with three on the 29C1l and AV33 and 
two on the GRD6. Using the 29C1 in a 
moulded valveholder, the circuit we have 
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described has given many months’ service 
free from trouble which can be attributed 
to variable contact resistance at the valve 
pins, 

Our experience of A2087 valves is 
rather limited but we are not surprised to 
hear that many samples have been con- 
sidered unsuitable for this type of work. 
The use of a low emission current of 
about 100“A would certainly give the 
valve a long life but the response time 
would be increased '. The necessity for a 
careful ageing period is shown by the 
results of our life tests on other types of 
valve in which the valves have been found 
to exhibit a good stability only after a 
few months’ running?. 

As we do not know the circuit of the 
regulators mentioned in the letter we 
cannot say whether the advantage of two 
filaments in parallel, from the safety point 
of view is desirable in this case. Although 
in our unit an excessive output voltage 
would be developed in the event of a com- 
plete filament failure, it should be possible 
to design a circuit in which the reverse 
would be the case, or to use a safety 
device which would render the unit 
inoperative under such circumstances. 


Yours faithfully, 
F. A. BENSON, 
M. S. SEAMAN, 
University of Sheffield. 


REFERENCES 
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istics of Saturated Diodes with A. C. Heating. 
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N 


Dear Sir.—We refer to the article by 
Benson and Seaman, which appeared in 
the June issue. 

In paragraph two it is stated “many 
types of a.c, voltage stabilizers have been 
marketed. .... but they suffer from 
several defects”. The article then goes on 
to describe the development of an “elec- 
tronically controlled transducer circuit”— 
“fairly well known in principle” and 
“similar to that described by Helterline”. 

In fact, the circuit arrangements dis- 
cussed are identical to the a.c. voltage 
stabilizer developed nearly ten years ago 
by the Sorensen Company of America (of 
which Mr. Helterline is General Manager) 
and which this Company, under licence, 
has manufactured and marketed for the 
past three years in this country under the 
trade name “Sorensen A.C. Voltage 
Regulator”. 

The design features of this stabilizer 
are covered by patents in America, 
Europe and Great Britain, and the exclu- 
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sive use of the British patents are vested 
in this Company. These patents also 
cover the design features of a special 
diode control valve, used in all Sorensen 
voltage stabilizers in which failure of the 
tungsten filament causes a switch, integral 
with the electrode assembly to short- 
circuit the filament-to-anode path, thus 
completely avoiding any possibility of 
dangerously high voltages on the auto- 
transformer or over voltage at the output 
terminals. 


Our sales and Advertising Departments 
are crestfallen to find that the authors 
were unaware that valves of this type are 
now made in this country and are 
currently available, and that stabilizers of 
the type described are also commercially 
available in ratings from 250VA to 
10kVA with a regulation better than 
+ 0-1 per cent fora + 10 per cent change 
of voltage or frequency, or from zero to 
full load. 

However, both they and our Technical 
Department are extremely interested to 
learn that, working quite independently, 
the authors have come to the same con- 
clusions as did this Company some years 
ago, namely that this particular form of 
a.c. voltage stabilizer is an extremely 
efficient device. 


Yours faithfully, 
J. LANGHAM THOMPSON, 


J. Langham Thompson Ltd., 
Bushey Heath, 
Herts. 


The authors’ reply : 

DEAR SiR.—We wish to thank Mr. J. 
Langham Thompson for his letter. 
While it might be inferred from the 
second paragraph of our article that the 
unit described is new and not available 
on the market, the third paragraph shows 
clearly that the basic circuit is due to 
Helterline (reference 6) and that it is now 
covered by a British patent (reference 7), 
the latter entailing that Sorensen’s (the 
holders of the patent) shall take steps to 
market the circuit in this country. 

Unfortunately there was a long delay 
between the writing of the article and its 
appearance in Electronic Engineering. 
When the article was written we were 
unaware that J. Langham Thompson 
Ltd. were marketing a unit using this 
circuit, although we knew that this was 
so by the time the article was published. 

Development work on the unit 
described commenced early in 1951 with 
the intention of producing apparatus for 
general laboratory use, and apart from the 
saturable core reactor (which in our unit 
uses commercially-available transformer 
laminations) it can be built up from nor- 
mally-available components. Although only 
the basic circuit had been published 
previously we felt it desirable at the time 
to publish the data we had accumulated 
relating to the many variable circuit 
parameters involved, such as choice of 
valves, bridge ratio, auto-transformer 
ratio, reactor flux density and other com- 
ponent values, and also the performances 
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we had obtained. We do not, however, 
claim that the performance is the best 
that the circuit can give since certain 
developments would enable an improve- 
ment to be obtained. 

The special valves mentioned were not 
known to be available when the work 
described was carried out. Attree and 
ourselves, some three years ago, carried 
out a comprehensive survey of valves 
then available which were suitable for this 
application; the characteristics of these 
valves have been reported elsewhere 
(references 8, 9 and 11). During the 
course of these investigations we found 
that the A2087 valve had been developed 
to replace the A1l468 which is now 
obsolete and was therefore not included 
in the above-mentioned survey. 


Yours faithfully, 
F. A. BENSON, 
M. S. SEAMAN, 
University of Sheffield. 


A Relay-Operated Serial Adder 


Dear Sir.—It was with great interest 
that I read J. K. Wood’s article in the 
June issue, It might interest your readers 
to compare this with a relay-operated 
parallel adder developed in our 
laboratories. 

The adder was designed as a special 
purpose instrument in conjunction with 
data read-out systems. The main require- 
ments to be met were :— 


(a) Input to the adder was from an 
analogue-to-digital convertor. The 
input was in parallel form and it was 
available for only 5O0msec. 

(b) The adder had to operate in a binary- 
decimal code. This notation retains 
the decimal decades but’ every 
decimal digit is coded in binary form. 
For instance, the decimal number 937 
is coded as 1001, 0011, 0111. 


The time available for the adding pro- 
cess being short, a parallel adder seemed 
most suitable. The input from the 
digitizer was stored in the input store 
(relay group A) and the already accumu- 
lated sum was stored in the main store 
(relay group B), Fig. 1. Binary 1 and 0 were 
represented by energized and de-energized 
relays, respectively. 

The contact pattern of the two groups 
of relays, A and B, comprises the actual 
adding circuit. Fig. 2 shows a small sec- 
tion of the network, representing the 
adding circuit for one binary digit or 
digitizer and accumulator input. When- 
ever there is a carry from the next less 
significant digit, line 2 is earthed, other- 
wise the earth is on line 1. 

The operation of the adding circuit is 
best explained by an example. Consider 
the case when no carry digit is present and 
both A and B are energized. This corres- 
ponds to the addition of binary 1 + I. 
There being no carry, line 1 is earthed, 
but since contacts A, and B, are both 
operated, point c is disconnected from 
earth and relay C will not energize, repre- 
senting: sum = 0. Simultaneously, con- 
tacts A, and B, transfer the earth from 
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line 1 to the carry line of the digit of 
higher significance. (Blocking rectifiers 
MR, and MR, ensure that no current can 
flow from a to B or vice-versa). This 
circuit is repeated four times for every 
decade. 


AUXILIARY MAIN | 





























ADDING Cc ADDING 

CIRCUIT ciRcuIT Input 
Main intermediate Input 
Store Store Store 


Fig. 1. Block diagram of parallel adder for 
operation in binary-decimal code 


Unfortunately, the output from the 
adding circuit does not always give the 
sum in a correct binary-decimal notation. 
For instance, if the sum is 12 it will 
appear as 8 + 4 (1100) in the units 
decade, instead of 2 plus a carry digit to 
the tens decade. In order to achieve the 
correct notation, it is customary to use a 
code generally known as the “excess 3 
code”. However, in the present case it 
was decided to retain the ordinary code 
and to perform a second addition. When- 
ever the sum exceeded 9 a carry digit was 
carried over to the decade of higher 
significance and simultaneously a 6 was 
added to its own decade. (It can easily 
be verified that this system gives the 
correct answer. Thus in the above 
example 12 + 6 = 18 =2* + 2. Neglect- 
ing the fifth binary digit, 2*, the answer is 
2, as required). 

The programming of the adder is as 
follows: (Fig. 1}—The new input is stored 
in the self-locking relays of group A. The 
already accumulated sum is stored in B. 
When gate G, is opened, an earth is 
applied to the adding circuit and the self- 
locking relays of group C are set up 
according to the contact pattern of relay 
groups A and B, giving the sum A plus B. 
Gate G, is then closed, admitting no 
further input into C and the main store 


From digit of 
8 —_— 2... significance 
‘NoCarry | 
+c} 58 Line 
eed 42 8 Line 2 
Carry Line 
MRA I MR, 


8, 
Carry’ Line [ ae 


To digit of higher 
sionificance 


Fig. 2. Section of adding circuit. C=A+B 











Carry Line 











P is cleared. Gate G, is opened, earthing 
the auxiliary adding circuit and transfer- 
ring the sum into the main store. (It is 
this auxiliary circuit which adds 6 to the 
sum when necessary). To end the cycle 
of operations, gate G, is closed again and 
stores A and C are cleared. The circuit is 
ready for the next operation. 

J. K. Wood mentions correctly in his 
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article that a relay adder based on 
parallel operation requires a large number 
of relays. However, when adding 
numbers in coded notation it seems to be 
the most straightforward method. Also, 
the operation is fast and the programming 
extremely simple. Moreover, for the des- 
cribed application, most of the relays 
would have been required in any case for 
storage purposes. 
Yours faithfully 
; L. J. BENTAL 


Elliott Brothers (London) Ltd., 
London, S.E.13. 


The author replies : 


Dear Sir.—I was very interested to 
hear about L. J. Bental’s design, especi- 
ally his method of restoring the correct 
coding after addition. It is true that a 
parallel adder is more straightforward 
when dealing with numbers in coded nota- 
tion, and as he requires an input store for 
his application the extra relays required 
to make an intermediate store for a 
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Fig. A. Relay circuit without rectifiers 


parallel adder may be even better than the 
inclusion of a uniselector for serialization, 
since the operating cycle is also much 
shorter. 

However, with the type of circuit he 
describes there is a possible disadvantage 
arising from the use of blocking rectifiers. 
The current for the intermediate store 
relays may have to flow through one or 
more rectifiers in series. The maximum 
number of rectifiers in series when using 
binary coded decimal notation is three, 
which is satisfactory, but for a straight 
binary parallel adder (say 25 digits), the 
current to the most significant relay may 
have to flow through 24 rectifiers in 
series—one less than the total number of 
digits. 

A circuit developed by the author 
eliminates the need for rectifiers at the 
expense of one extra changeover, result- 
ing in more economical design. The 
circuit is given in Fig. A. Operation is 
straightforward, there being one change- 
over less in the sum circuit and two more 
in the carry circuit, 


Yours faithfully, 
J. K. Woop, 


United Kingdom Atomic Energy 
Authority, Harwell. 
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BOOK REVIEWS 


High Fidelity: The Why and How 
for Amateurs 
Lf G. A. oe. 188 pp., 50 figs. Demy 8vo. 
harfedale ireless Works Ltd. 1956. Price 
12s. 6d. 
bbw irrepressible Mr. Briggs is in the 
fortunate position of being able ‘o 
publish what he cares to pay for. 
Whether you buy this book or not 
depends on whether you have Mr. Briggs’ 
other books, for although there is addi- 
tional material here there is a remarkable 
similarity between some of the subject 
matter and his prior publications. It must 
therefore be concluded that there is little 
more to be said about high fidelity 
reproduction in the Briggsian idiom. 

The professional engineer has nothing 
to learn from this book, which is des- 
cribed as non-technical; there are of 
course many points on which further 
information would be desirable, and it is 
unfortunate that the author has not given 
more references to the many publications 
dealing so much more explicitly with these 
matters. In his conclusion Mr. Briggs 
says that the various chapters have not 
all taken on the shape first visualized, and 
that some of them seem abruptly phrased. 
but he does not explain why. There is 
however what appears to be a good deal 
of “padding” in relation to the useful 
content of the various chapters. As an 
example, it is difficult to see what contri- 
bution to high fidelity listening could be 
made by the old loudspeakers illustrated, 
or why such things as a photograph of 
a 32ft pitch organ pipe should be 
included. Since Mr. Briggs has calculated 
the cost of the book to be 9d per word 
and professes anxiety to give the reader 
the best value possible, opinion will be 
divided on the proportions of useful as 
against interesting information given. 

The author is of course no stickler for 
the purists and is inclined to be dogmatic 
on what are well known to be controver- 
sial matters; but it is recognized that in a 
relatively mon-technical book dealing 
largely with the _ interpretation of 
individual tastes, the definite views of the 
writer are perhaps better than a negative 
attitude. 

To comment on every chapter would 
not be possible, but it is a pity that the 
work of Dr. Tombs on the corona dis- 
charge loudspeaker was not given as much 
prominence as the Klein system 
mentioned. The author is well known as 
an advocate of sand-filled cabinets, evi- 
dently inspired by a visit to the BBC in 
1938; but in fact sand-filling was 
standard practice in film recording 
studios from 1928-1930 to deaden camera 
noise, the mobile booths having hollow 
walls filled with sand. Mr. Briggs is 
“astounded” that the Siemens-Halske 
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ribbon loudspeaker was used to reproduce 
speech at considerable power in the open 
air, because such ribbons are now limited 
to frequencies of lkc/s and above; these 
large multiple ribbons were standard 
equipment in many German cinemas and 
this reviewer can assure Mr. Briggs, from 
personal experience of the system in 1931], 
that it was entirely satisfactory down to 
200c/s and below. The description of Sir 
Oliver Lodge’s moving coil loudspeaker 
suggests that it was developed about the 
same time as the Rice and Kellog patents, 
but in fact it was first made in 1898. And 
so on; the information in this book is 
tantalizingly incomplete to the engineer, 
and as this is an engineering journal atten- 
tion must be drawn to this defect. 

However, for the man in the street who 
wishes rapidly to skim the surface of the 
technique of high fidelity reproduction 
methods, the took is excellent value for 
the money as present book prices go. The 
printing, paper and illustrations are good 
and well laid out, although in this particu- 
lar copy the binding was poor and split in 
half after about a dozen openings. The 
subject matter is quite up to date and the 
book abounds in useful controversial 
hints and tips. A chapter is devoted to 
answering questions, and the writing is 
enlivened throughout by the author’s 
characteristic touches of humour and 
some apt cartoons. 

Since there is no such thing as a defini- 
tion of high fidelity reproduction—unless 
it be the depth of one’s purse—Mr. 
Briggs is assured of satisfactory sales in 
advance, if only because no aspect of 
electronics has provoked so much 
curiosity as to what the “other man” does 
as has “hi-fi”. 


ALAN DOUGLAS. 


Der Transistor Ein neues Verstir- 
kerelement (The Transistor. A New 
Amplifier Element) 


By Joachim Dosse. 109 pp., 44 fies. Demy 
- R. Oldenbourg, Miinchen. 1955. Price 


11- 

HE author’s aim in writing this slen- 

der volume was to give as easily un- 
derstandable as possible an introduction 
to transistor technique. It is perhaps a 
little doubtful whether he has achieved 
his aim completely. But this is not 
astonishing considering the fact that even 
a specialist in this field has recently 
stated that “the crystal valve is as yet 
not properly understood ” and “it is not 
possible to cover semiconductor pheno- 
mena adequately without excursions into 
more advanced physics” (T. R. Scott, 
Transistors and other Crystal Valves” 
p. 203). The present author explains 
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the properties of semiconductors by the 
use of a simplified model and merely 
corpuscular concepts and refers to 
Shockley’s book and to E. Spenke’s 
Electronic Semiconductors (see the re- 
view by Dr. Hoselitz, September 1955 
issue of ELECTRONIC ENGINEERING, p. 
415) for a treatment using wave mechan- 
ics and the recent results of the theory of 
solids. 

The five chapters of the book deal 
with the historical development, the 
mode of action, the forms of develop- 
ment, the technical properties and the 
various circuits. The treatment is non- 
mathematical except for the mention of 
a “hybrid ’-matrix connecting input and 
output currents and voltages. A sound 
knowledge of conventional electronic 
valves, their properties and circuits, is 
useful for the understanding of the book, 

Welcome features are the  multi- 
coloured figures and the colour plates 
illustrating the interior structure of point 
and junction transistors as well as the 
drawing of a germanium crystal, the 
various figures and a table comparing 
the electrical and operational properties 
of transistors and valves and_ the 
delimitation of their respective fields of 
application. A _ bibliography not claim- 
ing to be complete but sufficiently com- 
prehensive, covering the literature till 
July 1955 and arranged according to the 
five chapters, and a subject matter index, 
complete this well produced booklet 
which can be recommended to all those 
wishing to get an idea of the new tech- 
nique and having only limited time at 
their disposal. 

R. NEUMANN. 


Solid State Physics—Advances in 
Research and Applications, Vol. 1. 
Edited by F. Seitz and D. Turnbull. 469 pp., 
50 figs. Academic Press Inc. New York. 1955. 
Price $10.00. 

HIS volume is the first of a series 

which is planned to provide compact 
reviews of important aspects of Solid 
State Physics to meet the needs of re- 
search workers and students in this and 
closely related fields. With this objec- 
tive in mind, three types of reviews are 
solicited for the series, viz. (1) broad 
elementary surveys, (2) broad surveys of 
fields of advanced research and (3) more 
specialized articles describing new ex- 
perimental and theoretical techniques. 
There can be little doubt about the need 
for such reviews and, to judge by this 
first volume, the intended series is going 
to be extremely valuable. 

The emphasis in this first volume is 
on problems in theoretical physics, the 
one exception being a general survey 
by H. Y. Fan of the valence semicon- 
ductors germanium and silicon. Be- 
sides being a good introduction to the 
subject, this should serve as a useful 
reference article to those working in this 
field. Similar comments apply to the 
article by J. R. Reitz on the methods of 
the one-electron theory of solids, This 
describes the basic principles of the 
method and also, the various procedures 
which have been proposed for the calcu- 
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lation of the allowed energy levels of 
electrons in a solid. A more specialized 
article by F. S. Ham describes more 
fully the quantum-defect method--a 
recent development of the one-electron 
theory which, in certain cases, eliminates 
the necessity for a knowledge of the ion- 
core potential, this being essential for 
the other methods of calculation. In 
the quantum-defect method, equivalent 
information is provided by the spectro- 
scopic term values of the free atoms. 

Three further specialized articles com- 
plete this volume. A qualitative des- 
cription of the cohesion of metals is given 
by E. P. Wigner and F. Seitz, on the 
basis of the one-electron theory. The 
subject of electron interaction in metals, 
which, for a long time, has been one of 
the more serious defects of the one-elec- 
tron theory, is treated by D. Pines. This 
author discusses the collective electron 
description of metals which has been 
developed by him in collaboration with 
D. Bohm, and which takes these inter- 
actions into account from the beginning 
of the theory. Finally, there is a des- 
cription of the theory of order-disorder 
transitions in alloys by T. Muto and 
Y. Takazi. 

The quality of production is high but 
one would have thought that it would 
have been more useful (and more profit- 
able) to restrict the articles within a 
particular volume to be of the same type. 
However, provided a prospective pur- 
chaser is reconciled to the fact that he 
may not read all the articles, this book 
can be highly recommended. 


D. R. DRaABBLE. 


Second Thoughts on Radio Theory 
By “‘ Cathode Ray.” 69 pp.. 40 figs. te 
lliffe & Sons Ltd. 1955. Price = on 
Ts is not a text book—it is really a 

collection of essays on the fundamen- 
tals of radio practice—but every student 
should unquestionably have a copy on 
his desk and very nearly every practicing 
radio engineer should have a copy by 
his bedside. 


_ There are many different ways of say- 
ing the same thing and, far too fre- 
quently, the writers of text-books employ 
a coldly impersonal style which is diffi- 
cult to absorb except in small doses. 
“Cathode-Ray ” never forgets that his 
readers are human beings and in his 
light-hearted, almost conversational, 
manner, he makes even abstruse ideas 
easy to understand and the mathematics 
both intelligible and interesting. What 
is more. it is fun to read. 

The forty-four essays which the book 
contains have nearly all appeared in the 
pages of the Wireless World during the 
past ten years or so although many have 
now been re-written. They deal with 
many of the basic principles of radio 
practice from Ohm’s Law to Energy 
(“most people think energy is the thing 
they haven’t got on Monday mornings”), 
from Waves to Phase, Modulation and 
Beats. Subsequent essays take the 
reader light-heartedly but thoroughly 
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through the complexities of Tuned Cir- 
cuits, “Q”, Negative Feedback and Fil- 
ter Design while a further series, rather 
more mathematical in nature, serve to 
introduce the student to the ins and outs 
of decibels, the calculus, “j”, Thev- 
enin’s Theorem and Kirchhoff’s Laws. 
If the reader be already acquainted with 
these conceptions, the book will serve to 
renew old friendships in a new and re- 
freshing light. 

“Cathode-Ray” is one of the most 
able writers on the technicalities of radio 
practice. His essays are each a master- 
piece of clear exposition and they are 
written with a blend of humour and 
understanding which greatly assists in 
the digestion of the technical “ meat”. 


G. R. M. GaARRATT. 


The Theory of Sound 


By Lord Rayleigh. 480 pp. and 491 pp. (2 
volumes). Demy 8vo. 2nd edition revised. 
Dover Publications, Inc. New York. 1956. Price 
$1.95 per voleme. 


HIS is the revised edition of the first 

American print which appeared in 
1945. Originally published in 1877, this 
treatise still retains a position of impor- 
tance in the literature of its field, when 
most scientific treatises of the period are 
for the most part of historical interest 
only. 

The introduction to Volume 1 gives a 
biographical sketch of Lord Rayleigh, a 
note on the historical development of 
acoustics to the time of Rayleigh and 
his contributions to acoustics and their 
significance for modern developments. 


Color Television Receiver Practices 


Edited by C. E. Dean, 200 pp., 70 figs. Demy 
8vo. John F. Rider Inc. New York. Chapman & 
Hall Ltd., London. 1956. Price 36s. 


HE book begins with a broad state- 

ment of the fundamental require- 
ments of a colour television system, fol- 
lowed by a description of the standard 
transmitted signal. After this the vari- 
ous parts of the receiver are discussed 
in detail. The final chapter describes 
laboratory equipment for colour tele- 
vision work. 

The work is based on a course of 
lectures given by the Hazeltine Corpora- 
tion (U.S.A.) for visiting engineers from 
various manufacturing companies. 


Wireless Servicing Manual 


~By W. T. Cocking. 268 pp., 128 figs. Demy 
8vo. 9%th Edition. Iliffe & Sons Ltd. 1956. 
Price 17s. 6d 


INCE 1936 this book has been known 

to radio servicemen everywhere as a 
thorough and comprehensive guide to 
solving most of the problems that arise 
in the repair, maintenance and adjust- 
ment of the modern receiver. It has 
been revised to take account of all recent 
developments in receiving equipment. 

This edition appears in a larger and 
handier format. All illustrations have 
been modernized and brought into line 
with current symbolism. 
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RESISTANCE 
STRAIN GAUGES 


By J. Yarnell, B.Sc., A.inst.P. 
Price 12/6 (Postage 64.) 


This book deals in a practical manner 
with the construction and application 
of resistance gauges and with the 
most commonly used circuits and 
apparatus. The strain-gauge rosette, 
which is finding ever wider applica- 
tion, is treated comprehensively, 
and is introduced by a short exposi- 
tion of the theory of stress and strain 
in a surface. 


Order your copy through 
your bookseller or direct from 
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ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 


TRANSISTOR AMPLIFIER 
(llustrated below) 


Microwave Instruments Ltd, West Chirton 
Industrial Estate, —e Northumber- 


Type T.A.2 is a small portable com- 
bined amplifier and indicating instrument 
completely free of mains supply, for use 
in measuring modulated weak signals 
such as may be encountered in radiation 
field measurements and microwave test 
bench assemblies. 

The instrument is robust and portable, 
has self-contained battery supplies with 
extremely long life and therefore is free 
from errors which may normally be attri- 
butable to mains voltage changes. The 
controls, grouped on the front panel are: 

(a) Continuously variable gain control. 

(b) Switched gain control. 

(c) Function switch. 

(d) Selective / wide-band. 

Sensitivity : 

Wideband 15V r.m.s., f.s.d. 
Selective 20uV r.m.s., f.s.d. 
Frequency response: 
(to half deflexion), 





Wideband 100c/s to 10kc/s. 
Selective 3-2kc/s +100c/s. 
(Q=30 approx.) 
Input impedance: 9002 +20 per cent. 
Input range: Less than 1“V r.m.s, to 
0-3V r.m.s. 100“A d.c. max. 
Meter scale: 0 to 100 linear. 
Battery drain: 3mA (approx.). 


F.M. SIGNAL GENERATOR 


(Illustrated above right) 
Hatfield Instruments Ltd, Crawley Road, 
Horsham, Sussex 

The type LE.250 signal generator is an 
a.c. Mains operated instrument intended 
for measurement on f.m._ receivers 
operating in the frequency range 81 to 
105Mc/s. It has an additional frequency 
range of 3 to 20Mc/s for alignment of 
if. circuits. Provision is made for the 
display of selectivity and discriminator 
curves in conjunction with a suitable 
oscilloscope which need not have a 
time-base. It incorporates the recently 
developed r.f. attenuators type A 90. The 
source impedance of the attenuator 


ELECTRONIC ENGINEERING 


accessories and test instruments. 





system is 752 and the r.f. open-circuit 
output voltage can be varied from 24V 
to 200mV in 1dB steps. Where the signal 
generator is connected to a 752 load 
through a length of 752 cable the r.f. 
output will be halved, i.e. 1uV to 100mV 
in 1dB steps. The r.f, input to the 
attenuators is monitored by a crystal 
voltmeter. 

The signal generator incorporates two 
modulation systems, one a sine wave at 
400c/s and the other a sawtooth at 
25c/s. By means of a six position switch 
the r.f. carrier can be modulated in 
various ways and on two switch positions 
external amplitude modulation can be 
applied thus giving combined f.m, and 
a.m. 

Both sine and sawtooth oscillators are 
amplitude stabilized and are independent 
of mains fluctuations. 


THREE-PHASE TRANSFORMERS 
(Illustrated below) 


Parmeko Ltd, Percy Road, Aylestone Park, 
Leicester 


These transformers have been designed 
to meet the conditions set out in R.C.S.C. 
Specification No. R.C.S. 214 and comply 
with the recommended dimensional 
requirements. 

The Parmeko three-phase series em- 
braces the full range of “E” type cores 
extending from the miniature types to 
those capable of handlings up to 2-5kVA 
at 50c/s or correspondingly greater 
ratings at higher frequencies, 

The smaller models are totally enclosed 
and hermetically sealed whereas the 
larger models, for economic and weight 
considerations utilize an open-type con- 








struction normally impregnated to 
R.C.S.C. standards, 

The design incorporates the “E” type 
core manufactured from cold rolled grain 
oriented silicon steel, a development from 
the now familiar “C” core and has the 
advantage that it can be operated at a 
very much higher flux density than the 
conventional laminated core. Greater 
efficiency is thereby achieved with 
reduction in volume and weight. 


FLAMEPROOF LOUDSPEAKER 


(Illustrated below) 
The General Electric Co. Ltd, Magnet House, 
Kingsway, W.C.2 

This unit has received the Ministry of 
Fuel and Power’s certificate approving its 
use in atmospheres covered by Groups 2 
and 3 of B.S.229/1946 dealing with 
flameproof equipment. It can therefore 
be used to provide intelligible speech in 
those sections of the oil, paint, and 











chemical industries, for example, where 
direct sound broadcasting has hitherto 
been impossible because of the risk of 
fire or explosion. 

The driving unit is a pressure operated 
device suitable for use with a projector 
horn or re-entrant horn having a mini- 
mum air column length of 20in. The 
speech coil and driver. section, magnet 
assembly and line matching transformer 
are totally enclosed in a cast aluminium 
alloy case. 

Enamelled copper wire is used on the 
speech coil winding, with beryllium 
copper lead-out strips. The multi-ratio 
transformer provides various line im- 
pedances between 6002 and 30k2 and the 
power fed from the loudspeaker line to 
any unit may thus be _ individually 
adjusted to suit varying site conditions. 
The maximum power handling capacity 
is 10W and the frequency response 200c/s 
to 7kc/s + 3dB. 
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H.F. TRANSFORMERS 
Balen Ltd, 175 Uxbridge Road, Hanwell, 


These transformers are small and com- 

ct, hermetically sealed, completely 
shielded and fully tropical, with a fre- 
quency range the order of 1000:1 at 
frequencies up to 100Mc/s and in the 
higher frequency models operating at say 
400Mc/s the frequency range is of the 
order of 100:1. 

They are particularly suitable for 
matching transmission lines to antenna 
systems and one particular model is 
designed for matching Rhombic antennae 
to coaxial lines over the frequency band 
200kc/s to 100Mc/s. 

The transformers can be used in modu- 
lators, mixing units, wideband amplifiers, 
hybrid units, repeaters etc. and particu- 
larly for matching balanced to unbalanced 
systems. The accuracy of balance on 
centre tapped windings varies with fre- 
quency and falls as the frequency rises. 

The attenuation of push-push currents 
is never less than 20dB. The centre point 
of balanced windings is left floating or 
rigidly grounded according to require- 
ments. 


INDICATING TEMPERATURE 
CONTROLLER 


(llustrated below) 
Ether Limited, 60 Tyburn Road, Erdington, 
Birmingham 24 


“"’-RANSITROL” Type 990 is a new 
self-contained direct-deflexion instru- 
ment for indicating and controlling tem- 





: 


perature to close accuracy over a wide 
range. It can also be applied to any pro- 
cess where the signal can be converted 
into a direct current or voltage. 

; This instrument incorporates a conven- 
tional galvanometer as the measuring 
system, and an indicating pointer. The 
latter operates a simple photo-electric 
system which, in turn controls the heat- 
ing medium. 

The control-arm, adjusted externally to 
the required temperature set-point, as 
indicated by a red index pointer, is fitted 
with photo-sensitive transistor, optical- 
lens and low-level light-source. When the 
transistor receives full illumination a 
relay is energized, giving external switch- 
ing control. The temperature-indicating 
pointer is fitted with a flag, capable of 
passing freely between light-source and 
transistor and when the desired tempera- 
ture is attained, the light-source is cut off 
from the transistor, thus de-energizing the 
control-relay and shutting off the heating 
medium. The design of the optical sys- 
tem ensures that only a minute movement 
of the pointer is required to make and 
break the control relay thus giving a fine 
degree of control. 
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The Transitrol is fully compensated 
for cold junction variation and internal 
resistance changes due to the tempera- 
ture-resistance coefficient of the copper 
moving coil. To permit final calibration 
on installation, according to the specific 
length of the compensating load used, 
an adjustable rheostat is provided. Cali- 
brations are available for use with all 
types of thermo-couple or other tem- 
perature-sensing media. The entire instru- 
ment is designed as a plug-in unit and is 
easily withdrawn from its casing. It is 
suitable for wall or panel mounting. 


UNIVERSAL MEASURING 
INSTRUMENT 
(Illustrated below) 


Philips Electrical Ltd, Century House, 
Shaftesbury Avenue, London, W.C.2 


HE GM.6008 is a versatile and com- 

pact instrument which can be used for 
measuring a.c, or d.c. voltage and current, 
resistance and capacitance. Measure- 
ments, except those of direct voltage and 
current, are made electronically, achiev- 
ing, it is claimed, greater accuracy than 
is possible with conventional moving-coil 
instruments, 





The instrument has the following 
ranges: 
Direct voltage: 20mV to 1kV. (An h.t. 
probe can be supplied for 1 to 30kV). 
Alternating voltage: 100mV to 300V 
between 20c/s and 100Mc/s. (A diode 
probe can be supplied for frequencies 
above 100Mc/s). 
Direct current: 102A to 1A 
Alternating current: 0-14A to 10mA 
between 20 and 1 000c/s; 104A to 1A 
between 20c/s and 100kc/s 
Resistance: 12 to 1kM2 
Capacitance: 30pF to 3“F 
A switch is provided to reverse polarity 
when measuring positive and negative 
voltages in succession and voltages of 1V 
and 30V are built in for calibration 
purposes. 


PROXIMITY METER 
(Illustrated above right) 
Fielden Electronics Ltd, Manchester 22 
YPE P.M.2 is an instrument for micro- 
measurement of a wide range of 
physical variables and has been applied 
to such problems as_ concentricity 
measurements of ball races, measurement 
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of magneto striction, measurements of 
carbon deposit and the evaluation of the 
eccentricity of revolving shafts, 

The application of the P.M.2 depends 
upon the measurement of the capacitance 
change which in most applications is 





brought about by small mechanical dis- 
placements. By suitable arrangement of 
the electrode it is possible to apply this 
method to almost any problem of static 
and dynamic measurement. It has been 
successfully used as a strain gauge, sur- 
face gauge, vibration meter, torque meter, 
paint thickness gauge, micro-thermometer, 
pressure gauge and dielectric comparator. 

This use of capacitance change allows 
a sensitivity in measurement far greater 
than the limits practically imposed by the 
mechanical stability of the measuring 
arrangements to which it is applied. For 
example, in the field of mechanical dis- 
placement a movement of less than 10sin 
may be detected. 

As there is no physical contact with the 
specimen under observation in_ this 
measuring method inaccuracies due to 
contact pressure and wear are eliminated. 


WIDE-RANGE DELAYED SQUARE 
PULSE GENERATOR 
(Illustrated below) 

Nagard Ltd, Avenue Road, Belmont, Surrey 
HIS instrument was designed to meet 
the need for a generator of fast- 

rising pulses and square waves, while at 
the same time providing a wide range 
of amplitude, repetition rate, width and 
delay with direct-reading calibrations, 
together with full flexiblity as to polarities 
of main pulse, pre-pulse and trigger pulse 
and the ability to trigger from any form 
of external signal. 

The fast rise-time, (SOmV to 2V nega- 

tive in less than 10musec) in conjunction 
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with the above features, enables searching 
investigations to be made. This rise-time 
necessitates the use of a special high 
frequency connecting cable, since the out- 
put contains important frequency com- 
ponents of several hundred megacycles 
per second. This cable is supplied with 
the instrument, together with suitable 
terminating arrangements. 
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Notes from 





NORTH AMERICA 


Broadcast Transmission Systems 
Symposium 

The sixth annual symposium of the 
Professional Group on Broadcast Trans- 
mission Systems will be held in Pittsburgh 
from 14-15 September. The four techni- 
cal sessions will be held in the Mellon 
Institute Auditorium and will feature 
speakers on Television Measurments, 
Television Studio Development and 
Broadcast Facilities and Operation. 


Department of Defense Announcements 

The Working Group on Tube Tech- 
niques of the Advisory Group on 
Electron Tubes will sponsor the third 
National Conference on Tube Techniques, 
to be held in New York from 12-14 
September. The programme will cover 
all phases in the manufacture of a large 
number of electron devices. 

The Working Group on Semiconductor 
Devices will sponsor a Transistor Relia- 
bility Symposium, to be held in New 
York from 17-18 September. 


The Speakerphone 
Thermistors and varistors have been 
employed by Bell Telephone Laboratories 
in the circuits of the Speakerphone, a 
loudspeaker-microphone combination 
which allows the user to have both hands 


free during a telephone conversation. A 
thermistor serves as an output limiter, and 
a varistor is employed in a balancing net- 
work to maintain line impedance reason- 
ably constant for various loop lengths. 

To place a call, it, is only necessary to 


momentarily press the “on” button 
which lights up when the set is connected 
to the line. Then, when dialling tone is 
heard from the loudspeaker, the number 
is dialed in the normal manner. When 
answering a call, the “on” button js 
momentarily pressed, again causing it to 
light up, and the conversation can start. 
The transmitter picks up the voice of the 
user, and the other person is heard on the 
loudspeaker. The volume of the incom- 
ing speech is adjusted by turning the 
small knob of the volume control. At the 
end of the call, the “off” button is 
pressed, disconnecting the set from the 
line. 

If privacy is desired during a call with 
the Speakerphone, or if some transmission 
difficulty is encountered, lifting the hand- 
set automatically transfers the call to the 
handset, and turns off the Speakerphone. 
If the handset is being used, and it is 
desired to transfer to the Speakerphone, 
the “on” button is depressed while the 
handset is being returned to the cradle. 
The Speakerphone is designed for a talk- 
ing distance of 10 to 30in. The loud- 
speaker is placed about 3ft from the 
transmitter and so located that the normal 
seated position of the user is midway 
between the two instruments. 
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Power Transistor Test Set 
(Illustrated below) 

A new power transistor test set has 
been announced by Baird Associates, 
Atomic Instrument Company, Cambridge, 
Mass. Model KP1 is designed to measure 
all the hybrid parameters, including /,, 
in either grounded base or grounded 
emitter configurations, over the frequency 
range 100c/s to 200kc/s. J,. is indicated 
on the front panel meter over the range 
14A to 5mA, an external jack being pro- 
vided to measure /,, below 1A. 


The instrument can reverse either 
emitter current or collector voltage, or 
both, for observing reverse d.c, charac- 
teristics of the transistor under test, the 
d.c, collector ranges being 0 to 100V and 
0 to 300 mA and the d.c. emitter range 
0 to 300 mA. 


Canadian I.R.E. Convention 


The Institute of Radio Engineers in 
Canada will hold its convention-exposi- 
tion in Toronto from 1-3 October. 

Over 90 leading manufacturers have 
booked space to exhibit their latest in 
radar, radio, television, control 
mechanisms, computers and many related 
products, including transistors. Peace- 
time atomic applications will also be 
shown. 

Electronic devices will predominate 
and since radio, radar and electronics and 
many aspects of nuclear science overlap, 
the exposition will appeal to technicians, 
engineers and scientists, to specialists in 
medicine, physics and agriculture, and to 
business and efficiency experts. Govern- 
ment booths at the exposition will include 
one for the National Research Council of 
Canada and another for Atomic Energy 
of Canada Ltd, a Crown company whose 
display will feature the nuclear project 
shown at Geneva last year. 

The large number of technical papers 
to be presented at the convention, to run 
concurrently with the exhibition, will 
cover such subjects as medical electronics 
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(for diagnoses and treatments), scatter 7 
propagation, the application of elec 
tronics to atomic energy projects, the use 
of computers in automation and engineer. 
ing problems and transistors. 


U.H.F. Forward Scatter Transmitter 


The Canadian Marconi Company hag 
developed and produced an ultra high 
frequency forward scatter transmitter, 
which is broadband and capable of carry- 
ing 72 channels. 

The power amplifiers consist of power 
supplies, control and protective circuits: ~ 
and cooling system, and can be equipped 
with any one of a family of klystrons to 
provide an output of 10kW c.w. or 1kW 
at either 700-1000 or 1 700-2 400Mc/s. 
Coverage down to 400Mc/s can also be 
provided by using a family of 3 cavity 
klystrons. 

The amplifier assembly is housed in a 
walk-in style cabinet, the design of which 
combines front access to all components; 
roof-mounted air, water and power 
connexions to enable back-to-back or 
adjacent wall location. The klystron is 
dolly-mounted to facilitate handling. 

A Canadian Marconi experimental 
tropospheric scatter link was installed 
in July this year between Montreal and 
Ottawa, which will operate initially in the 
2000Mc/s band. 1ikW u.hf. terminals 
and large antennae will be used to scatter 
signals for satisfactory reception over a 
distance of approximately 86 miles. 
Later, experiments will be carried out on 
the 900Mc/s band during which teletype 
and facsimile traffic will be passed and 
a rigid check kept on the equipment’s 
performance. 

In April an optical microwave link was 
manufactured and installed by the 
Canadian Marconi Company for the 
Canadian Overseas Telecommunication 
Corporation. Operating between the 
Corporation’s stations at Drummondville 
and Yamachiche, this system uses the 
900Mc/s frequency range, the radio 
equipment is duplicated and automatic 
changeover and fault alarm facilities are 
provided, 


Transistorized Magnetic Core Memory 


Transistors are under intensive investi- 
gation at Bell Telephone Laboratories to 
determine their suitability in such appli- 
cations as airborne electronic computers. 
A current phase of this investigation is 
the study of a large coincident-current 
magnetic core memory which is operated 
entirely by transistors and experience to 
date would indicate that a transistor- 
driven memory of this kind is entirely 
feasible and quite attractive. 

The memory system includes the 
memory proper, or storage array, 
magnetic core switches for selecting the 
desired memory locations and transistor 
amplifiers. 

The complete memory can store 1 024 
eighteen bit numbers. To accomplish 
this, 18 432 memory cores and 48 switch 
cores are employed. Transistor comple- 
ment includes 98 low-level and 62 high- 
level units. Total power consumption is 
less than 50 watts. 


SEPTEMBER 1956 








